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ABSTRACT 
The soybean aphid (Aphis glycines Matsumura) can reduce the yield of soybean [Glycine 
max (L.) Merr.] cultivars that are susceptible to the insect. Two genes that confer resistance to 
some biotypes are Rag1 (R1) from PI548663 and Rag2 (R2) from PI200538. These genes 
individually can limit the development of soybean aphids and prevent yield loss.  The impact of 
these genes combined is not known.  One objective of my research was to determine the impact of the 
Rag1 and Rag2 genes on the performance of lines for agronomic and seed traits. A second objective of 
my research was to compare the growth of aphid populations on soybean lines with both resistance genes 
(R1/R2), Rag1 alone (R1/S2), Rag2 alone (S1/R2), and neither resistance gene (S1/S2).  The four types of 
lines were selected from the same backcross population to achieve a similar genetic background for traits 
other than the aphid resistance genes.  In Experiment 1, the lines were grown at three locations in 2010 to 
evaluate their agronomic and seed traits.  In this experiment, the mean seed yields of the S1/S2 lines 
yielded 17.4% more than the R1/R2 lines, 10.8% more than the R1/S2 lines, and 8.8% more than the 
S1/R2 lines.  Even though the mean yields of the resistant types were significantly less than the 
susceptible type, high yielding lines of R1/R2, R1/S2, and S1/R2 lines were identified.   
For Experiment 2, a bulk of lines was made for each of the four genotypes.  The lines were grown 
at a single location in 2010 to evaluate their agronomic and seed traits. The mean seed yield of the S1/S2 
line was 2.5% more than the R1/R2 line, 19% less than the R1/S2 line, and 11.8% more than the S1/R2 
line.  
In Experiment 3, a bulk of lines for each genotype was grown in netted cages and artificially 
infested with soybean aphids to achieve five treatment levels:  aphid-free, 675 aphids per plant (AP), 
25,000 cumulative aphid days (CAD), 50,000 CAD, and 75,000 CAD. The intrinsic rate of growth of 
soybean aphids from after the initial infestation until the population reached 675 AP or reached a plateau 
was significantly different for the S1/S2 line than the R1/R2, R1/S2, or S1/R2 lines. The R1/R2, R1/S2, 
and S1/R2 lines were not significantly different during this same time.  From after the second infestation 
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until the end of the season, the intrinsic rate of growth of soybean aphids on R1/R2, R1/S2, and S1/R2 
lines were still not significantly different.  The yield reduction of the S1/S2 lines was 2.1% at 675 AP, 
18.8% at 25K CAD, and 26.9% at 50K CAD.  Aphid development on the R1/S2 and S1/R2 lines after two 
infestations reached a maximum of 25K CAD at the same time.  The yield of the R1/S2 line increased by 
5.8% at 675 AP and decreased by 2.3% at 25K CAD compared to a decrease of 9.9% at 675 AP and a 
decrease of 11.8% at 25K CAD for the S1/R2 line.  The maximum treatment level reached for the R1/R2 
line was only 675 AP, at which there was no significant yield reduction.  The results indicated that for the 
biotype used in the study, cultivars with R1/R2 would be expected to have less aphid development and 
less yield reduction than R1/S2 or S1/R2 lines.
1 
 
CHAPTER 1 
INTRODUCTION 
The soybean aphid has caused economic damage to the crop in the United States since 
2000 (Hartman et al., 2001).  High aphid density on soybeans causes the yield to decrease due to 
plant damage including leaf puckering, plant stunting, reduced pod and/or seed counts, and 
smaller seeds (Rice et al., 2008).  In addition, the black sooty mold fungus that grows on aphid 
honeydew has a negative influence on soybean performance by reducing photosynthesis 
(Beckendorf et al., 2008). 
Insecticides can prevent yield loss due to soybean aphid herbivory on cultivars of 
soybeans that are susceptible to aphids (Ragsdale et al., 2007).  When insecticides are applied 
based on the economic threshold and economic injury level, they can reduce the economic 
damage caused by aphids (Johnson et al., 2009). The economic threshold of 273 ± 38 aphids per 
plant provides 7d before the economic injury level is obtained (Ragsdale et al., 2007). The 
economic injury level of 674 ± 95 aphids per plant represents when there is enough damage to 
cause a significant loss in yield (Ragsdale et al., 2007).  
An alternative method to insecticides for control would be to develop aphid-resistant 
cultivars.  Use of soybean cultivars with aphid resistance could reduce the amount of insecticide 
used and the damage insecticides can cause to beneficial insects (Hill et al., 2006; Ohnesorg et 
al., 2009).  In addition, organic farmers who cannot use the broad-spectrum insecticides available 
to conventional soybean growers to control the soybean aphid could use resistant non-GMO 
cultivars.   
Genes that confer resistance to the soybean aphid through antibiosis have been identified 
in the soybean germplasm.  The two genes used in my study were Rag1 and Rag2.  The Rag1 
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gene was found in the cultivar Dowling and the Rag2 was identified in PI 200538 by scientists of 
the USDA-ARS and the University of Illinois at Urbana-Champaign (UIUC) (Hill et al., 2006; 
Hill et al., 2009).  The Rag1 gene has been found to reduce aphid development on soybean lines 
without negatively influencing their agronomic and seed traits (Li et al., 2004; Kim and Diers, 
2009; Mardorf et al., 2010). No data have been reported on the influence of the Rag2 gene alone 
or in combination with the Rag1 gene on aphid development or agronomic performance of 
soybean.  One objective of my research was to determine the impact of the Rag1 and Rag2 genes on the 
performance of lines for agronomic and seed traits.  A second objective of my research was to 
evaluate the growth of aphid populations on soybean lines with the Rag1 and Rag2 genes 
together (R1/R2), the Rag1 gene alone (R1/S2), the Rag2 gene alone (S1/R2), or neither 
resistance gene (S1/S2). 
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CHAPTER 2  
LITERATURE REVIEW 
Soybean Aphid Development and Reproduction 
 The soybean aphid originated in Eastern Asia.  In China, Indonesia, and Japan, the insect 
is considered an occasional pest (Rice et al., 2005).  Soybean aphids were first observed in the 
Midwestern United States during the summer of 2000 (Hartman et al., 2001).  They were found 
in 20 states and 3 Canadian provinces by 2003 (Venette and Ragsdale, 2004).   
 Soybean aphids have a heteroecious holocyclic species.  Both Ragsdale et al. (2004) and 
Rice et al. (2005) investigated the life cycle of aphids.  They found that eggs are laid and 
overwinter on its primary host buckthorn, including the two species Rhamus cathartica L. and 
Rhamnus alnifolia L. In the spring, the eggs hatch and release nymphs, which develop into 
wingless females.  Wingless females reproduce asexually on buckthorn for approximately three 
generations and produce wingless or winged females.  The winged females migrate to their 
secondary host soybeans, where they asexually reproduce to give rise to wingless daughters.  On 
soybean plants, aphids are able to reproduce asexually for 15 to 18 generations.   At any time 
during the summer, winged aphids can develop that move to other soybeans in the same or 
different fields. 
 During the fall, wingless aphids produce both male and female winged aphids.  The male 
and female winged aphids fly back to buckthorn where they sexually reproduce and lay eggs.  
The eggs that overwinter on the buckthorn are responsible for initiating the life cycle the 
following spring. 
 
 
4 
 
Aphid Biotypes 
 Kim et al. (2008) found two aphid biotypes, biotype 1 from Illinois and biotype 2 from 
Ohio.  They indicated that the biotypes caused different levels of infestations on soybean 
genotypes. They observed that Rag1 gene conferred resistance to only biotype 1 and that Rag2 
provided resistance to both biotypes.  Hill et al. (2010) found a third aphid biotype in Indiana, the 
Springfield Fen isolate, referred to as biotype 3.  They considered the Springfield Fen isolate a 
new biotype due to its ability to colonize on plants with both Rag1 and Rag2 resistance. 
 
Soybean Aphid Damage 
Soybean aphids can lower the yield of commercial fields by reducing the number of pods 
per plant, number of seeds per pod, and seed weight (Beckendorf et al., 2008).  Macedo et al. 
(2003) found that photosynthesis is reduced when phloem sap is sucked from leaves and stems. 
They also discovered that when aphid populations increase, the soybean plants can become 
stunted and unable to develop a closed canopy.  Aphids in high densities also produce a sugary 
substance, called honeydew, where sooty mold is able to grow, which also causes a decrease in 
photosynthesis (He et al., 1991).   
Soybean aphids transmit diseases, including the soybean mosaic virus, bean yellow 
mosaic virus, and alfalfa mosaic virus.  Soybean mosaic virus can be transmitted to the soybean 
in less than 30 min of aphid feeding (Rice et al., 2008). 
 
Control of the Soybean Aphid 
The most common method of controlling the soybean aphid is with insecticides.  
Ragsdale et al. (2007) recommended that spraying commence when the economic threshold of 
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273 ± 38 aphids per plant is reached to avoid increases in the population to the economic injury 
level of 674 ± 95 aphids per plant.  Their economic injury level was based on expected yields, 
control costs, and market values in the United States for soybeans. 
Insecticides kill both the aphids and beneficial insects that could aid in control, such as 
lady beetles, orius bugs, green lace-wings, and parasitic wasps including Bionodoxys communis.  
Spraying also introduces hazardous chemicals into the environment (Rice et al., 2008).  In Iowa 
alone in 2003, there were about 1,214,057 ha of soybeans sprayed with insecticides (Rice et al., 
2007). 
 
Rag1 Gene  
 The aphid resistance gene Rag1 found in the cultivar Dowling has a monogenic dominant 
inheritance (Hill et al., 2006).  Rag1 confers antibiosis resistance to the soybean aphid (Hill et 
al., 2004). Antibiosis is when a plant negatively affects an insect’s biology by producing 
phytochemicals that are toxic to insects or by reducing the amount of basic metabolites that are 
needed by the insect (Smith, 1989).  The antibiosis mechanism associated with Rag1 is not 
known (Li et al., 2004).  Li et al. (2008) hypothesized that the hydrogen peroxide produced by 
soybeans with Rag1 may be responsible for conferring resistance. 
 Li et al. (2007) identified molecular markers that can be used for selection of the Rag1 
gene in a breeding program.  They indicated that marker-assisted selection is a more cost 
effective way of selecting for the gene than infecting plants with aphids to determine their 
resistance.  They identified simple sequence repeat (SSR) and single nucleotide polymorphisms 
(SNP) markers and mapped the Rag1 gene to a 12 centiMorgan (cM) region on chromosome 7, 
an area between the SSR markers Satt435 and Satt463.  Kim et al. (2009) also found four SNPs 
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in the region with which molecular assays were developed, including the SNP ss107913360.  
They found the Rag1 is to the left of ss107918249 and right of Satt435. 
Kim and Diers (2009) found that the Rag1 gene had no influence on yield, plant height or 
lodging score compared to the susceptible lines under aphid-free conditions, but did find a 2 d 
maturity delay. Mardorf et al. (2010) also found that under aphid-free conditions, there were no 
significant differences in mean yields between lines containing Rag1 and susceptible lines.  They 
reported that in 2008 under aphid-infested conditions exceeding the economic injury level, the 
Rag1 lines yielded up to 47.6% more than the rag1 lines. In 2009 under aphid-infested 
conditions that did not exceed the economic injury level, they found that the Rag1 lines yielded 
up to 8.8% more than the rag1 lines.  
 
Rag2 Gene 
Mian et al. (2008) identified a source of aphid resistance in PI 243540. They found that 
the aphid resistance gene designated Rag2 mapped to a 10 cM region on soybean chromosome 
13. They reported that the Rag2 gene confers antibiosis resistance to the soybean.  Hill et al. 
(2009) discovered that PI 200538 exhibited aphid resistance.  They concluded that the dominant 
aphid resistance gene in PI 200538 was Rag2 because it mapped to the same region as the Rag2 
gene from PI 243540.  
SSR markers were developed for the Rag2 gene that included Satt510, Satt114, and 
Sct_033 (Hill et al., 2009).  Kim et al. (2010) were able to narrow the region for Rag2 to 54kb 
and found eight SNPs linked to the region.  They developed melting curve and TaqMan SNP 
marker assays for the eight SNPS. To date, no data has been reported on the influence of the 
Rag2 gene on the agronomic performance of soybean.   
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CHAPTER 3 
MATERIALS AND METHODS 
 The parent lines used to develop the backcross population for my study were A08-
123074 and LD08-89051a.  A08-124074 was a BC2F2-derived line with the Rag1 gene 
developed at Iowa State University.  The donor of the Rag1 gene was LD05-16521 developed by 
University of Illinois at Urbana-Champaign (UIUC).  The recurrent parent in the backcross was 
IA3027, a cultivar with large seed and high protein developed by Iowa State University.  The 
line LD08-89051a with the Rag2 gene was developed by UIUC.   
 The cross of A08-123074 with LD08-89051a was made at the research station of 3
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Millennium Genetics (3MG) near Santa Isabel, PR, during March 2009.  Artificial lighting was 
used to obtain suitable flowers for crossing by increasing the day length.  The F1 seeds and seeds 
of A08-123074 were planted at the Agronomy and Agricultural Engineering Research Center 
near Ames, IA, during the summer of 2009.  Three F1 plants were confirmed as hybrids by 
molecular analysis by the laboratory of Brian Diers at the UIUC with the SSR marker Sct_033 
(Hill et al., 2009). The F1 hybrid plants were used as males for backcrossing to A08-123074 to 
obtain 35 BC1F1 seeds. 
 The BC1F1 seeds were planted at Santa Isabel, PR, in October 2009 under artificial lights 
at 7 seeds m
-1
 to maximize seed production. Ten BC1F1 plants were found to be heterozygous for 
both Rag1 and Rag2 by molecular analysis by the laboratory of Brian Diers at the UIUC.  The 
SSR marker Satt 540 was used to select for Rag1 and Sct_033 was used to select for Rag2 (Li et 
al, 2007; Hill et al., 2009).  The double heterozygous plants were harvested individually to obtain 
BC1F2 seed.   
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 The BC1F2 seeds were planted at Santa Isabel, PR, in January 2010 under artificial lights 
at 7 seeds m
-1
 to maximize seed production.  The BC1F2 seed from each heterozygous BC1F1 
plant was planted separately as a family (Table 1).  IA3027RA1, an Iowa State cultivar with the 
Rag1 gene, and LD08-89051a were planted at 20 seeds m
-1
 to obtain leaf tissue for molecular 
analysis and for seed increase. A08-123074, LD05-16521, and IA3027 were planted at 20 seeds 
m
-1
 for seed increase. A leaflet from each BC1F2 plant was harvested and pressed on FTA cards 
(Whatman, Piscataway, NJ) as the source of the DNA for the analysis. A punch from each plant 
was placed in a well in a 96-well plate (Roche, Indianapolis, IN).  The punches were washed for 
5 min twice with FTA and twice with 1xTE. The plants were genotyped for Rag1 with the 
TaqMan assay ss107913360 developed by the UIUC (Kim et al., 2009).  The TaqMan assay for 
Rag2 was KS9-3, also developed by the UIUC (Kim et al., 2010).  The genotypes selected were 
R1/R2 = Rag1Rag1/Rag2Rag2, R1/S2 = Rag1Rag1/rag2rag2, S1/R2 = rag1rag1/Rag2Rag2, 
and S1/S2 = rag1rag1/rag2rag2 (Table 1).  The selected plants were harvested individually.  
IA3027RA1, A08-123074, LD05-16521, LD08-89051a, and IA3027 plots were harvested 
individually in bulk. The harvested seeds were used for experiments at Ames in 2010. 
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Table 1. Number of seeds planted for 10 BC1F2 families, number of plants genotyped, and 
number of each genotype found within each family. 
 Genotype   
AX # (Family) R1/R2 R1/S2 S1/R2 S1/S2 # of Plants Genotyped # of Seeds Planted 
AX22055-D1-5 6 6 11 6 155 187 
AX22055-D2-13 3 - 2 - 27 38 
AX22055-D1-11 9 8 11 14 168 213 
AX22055-D2-18 6 5 5 10 134 140 
AX22055-D2-19 7 8 2 9 104 120 
AX22055-D1-19 13 10 5 7 171 213 
AX22055-D2-1 12 6 14 3 186 203 
AX22055-D2-2 8 9 4 10 127 144 
AX22055-D2-12 6 3 5 4 91 142 
AX22055-D2-16 15 8-1 3 4 150 178 
Total 85 63 62 67 1313 1578 
            
 
Experiment 1 
 The purpose of experiment 1 (Exp.1) was to compare the agronomic performance of lines 
from the four genotypic classes.  The experiment consisted of the 272 BC1F2:3 lines of the four 
classes obtained in Puerto Rico and eight parents and check cultivars (Table A1). The BC1F2 
family AX22055-D2-13 was dropped because it did not have lines from all of the genotypic 
classes.  The five parents used in producing the lines for my research were used as checks in the 
experiment. The cultivars IA2053, IA3045, and IA3046 also were included as maturity checks.  
The seed for the maturity checks came from the Ames 2009 harvest. 
 The experiment was planted as a randomized complete-block design with one replication 
at each of three locations in fields of the Agronomy and Agricultural Engineering Research 
Center near Ames.  The soil type at all the locations is a Nicollett loam (fine-loamy, mixed, 
superactive, mesic Aquic Hapludolls). The entries were planted in a one-row plot 0.76 m long 
with 1.02 m spacing between rows and a 1.07 m alley.  The seeding rate was 20 seeds for each 
plot.  
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 To confirm the genotype of each line, one leaflet was harvested from each of four plants 
in every plot at one location.  The TaqMan assay was used for both Rag1 and Rag2.  Fourteen 
lines were found to be heterogeneous for one or both genes and the lines were excluded from the 
experiment (Table A1). 
 The plots at the three locations were rated for aphid infestation three times during the 
summer on 26 July, 5 August, and 13 August.  The rating was based on aphid scores ranging 
from 1 to 10 as defined by Mardorf et al. (2010). 
 
Table 2. Scoring system used to rate soybean lines for aphid resistance (Mardorf et al., 2010). 
Score Aphid population and plant description 
1 No aphids, plants were normal and healthy. 
2 Less than 10 aphids per plant, no colony formation. 
3 11-100 aphids per plant, plants appeared normal and healthy. 
4 101-249 aphids per plant, plants appeared normal and healthy. 
5 250-300 aphids per plant, plants appeared normal and healthy. * 
6 301-500 aphids per plant, plant appeared healthy. 
7 501-800 aphids per plant, leaves slightly curly and shiny, young leaves and stems covered 
with aphids. 
8 More than 800 aphids per plant, plant stunted, leaves curled, slightly yellow, light sooty mold 
and a few exoskeletons. 
9 More than 800 aphids per plant, plant stunted, leaves severely curled, yellow, covered with 
sooty mold and exoskeletons. 
10 More than 800 aphids per plant, plant severely stunted, leaves severely curled, yellow-
brownish color, covered with sooty mold and exoskeletons, plant dying. 
*The economic threshold is 273 ± 38 aphids per plant for susceptible cultivars (Ragsdale et al., 2007). 
 
 The maturity and height of each plot were recorded before harvest.  Maturity was 
recorded as the days after 31 August when 95% of the pods on the main stem had reached their 
mature color. Height was measured from the ground to the terminal node in cm. The plots were 
harvested individually with a stationary plot thresher (Almaco, Nevada, IA).  Seed from each 
plot was weighed and the moisture content was measured with the Infratec 1221 near-infrared 
whole grain analyzer (Tecator AB, Hooganas, Sweden). Yields of the plots were adjusted to 130 
g kg
-1 
moisture. Yield was expressed on a g plot
-1
 basis. Protein and oil concentrations were 
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measured using an Infratec 1221 near-infrared whole grain analyzer (Tecator AB, Hooganas, 
Sweden) and adjusted to 130 g kg
-1
 moisture. A sample of ~200 seeds from each plot was used to 
determine seed weight by counting and weighing the seeds, then dividing the weight by the 
number of seeds.   
 
Experiment 2 
 The original purpose of Exp.2 was to assess aphid growth on the four genotypic classes.  
However, it was not possible to meet this objective with the experiment because of excessive 
loss of plants shortly after emergence due to cutworm (Agrotis ipsilon) damage. As a result, the 
experiment was replanted and designated as Experiment 3 (Exp.3).  Exp.2 was retained to 
evaluate aphid development of the four lines under natural infestation. Each of the four 
genotypic classes in Exp.1 was represented by a bulk of seed of BC1F2:3 lines from the BC1F1 
family AX22055-D1-11 (Table B1). Before making the bulk, six seeds from each of 41 BC1F2:3 
plants were planted in a germination chamber at the Seed Science Center of Iowa State 
University to obtain leaf tissue.  Leaf tissue was harvested from four of the seedlings and each 
sample was analyzed using the TaqMan assay for Rag1 and Rag2.  Two of the 41 plants were 
found to be heterozygous for one or both genes and were discarded.  A bulk for each genotypic 
class was made using an equal amount of seed from each plant in the class. There were 8 plants 
used in the bulk for R1/R2, 8 plants for R1/S2, 11 plants for S1/R2, and 12 plants for S1/S2.   
 There were the four genotypes and five aphid treatments intended for this experiment.  
They were randomized as a factorial arrangement in a randomized complete-block design with 
six replications.  The entries were planted on 17 May, 2010 at the Curtiss Farm near Ames in 
rows 0.61 m long with a1.02 m row spacing and a 1.15 m alley. The seeding rate was 20 seeds 
12 
 
for each plot. The soil type at the Curtiss Farm is a Webster clay loam (fine-loamy, mixed, mesic 
Typic Haplaquolls).   
When the cutworm damage began to occur, the surface of the soil around the plants was 
treated with chlorpyrifos (Lorsban, Dow AgroSciences, Midland, MI). The insecticide was 
effective in killing the cutworms.  Although too many plots had an insufficient number of plants 
to continue with the original plan for the experiment, there were 12 plots of each of the four 
genotypes with at least eight plants.  These plots were rated once a week for aphid infestation 
beginning on 2 July and ending on 8 August (Table 2). There was no natural infestation of aphids 
at the location.  Therefore, the 12 plots of each genotype were used as 12 replications to compare 
the agronomic and seed traits of the four genotypes under aphid-free conditions.  The maturity, 
height, seed yield, protein concentration, oil concentration, and seed weight of the 48 plots were 
determined in the same manner as Exp.1.  
 
Experiment 3 
 The third experiment was planted on 7 June with the same four genotypic classes and five 
aphid treatments that were intended for Exp.2.  A bulk of seed from BC1F2:3 lines of seven 
families was made for each of the four genotypic classes (Table C1). The lines for each bulk 
were selected from the entries that had been planted on 19 May in Exp.1. Before making the 
bulk, one leaf was harvested in the field from each of four plants of the selected lines to confirm 
their genotype.  The leaf tissue was analyzed using the TaqMan assays for the two genes.  
 The five aphid treatment levels for each of the four genotypic classes were aphid free, 
675 aphids per plant (AP); 25,000 cumulative aphid days (CAD); 50,000 CAD; and 75,000 
CAD.  The CAD was calculated as follows: 
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    (Hanafi et al., 1989)     
Where, 
  n = the number of sample dates, 
 xi = the number of aphids per plant on sample date i, 
 xi-1 = the number of aphids per plant on sample date i-1 or the previous sample date, and 
 t = the number of days since previous sample. 
For example, the new CAD would be 210 if the CAD from previous measurements was 56.1, the 
previous aphid count averaged 12.4 aphids per plant, the most recent aphid count averaged 215 
aphids per plant, and there was 5 d between the two counts.  
Ex: 2105*
2
4.12215
1.56 




 
  
The treatment of 675 AP was chosen because it represented the economic injury level 
(EIL) of 674 ± 95 aphids per plant as defined by Ragsdale et al. (2007). The 25,000 CAD (25K) 
treatment represented the highest infestation found in experiments described by Ragsdale et al. 
(2007) that involved naturally occurring soybean aphid infestations.  The 50,000 CAD (50K) and 
75,000 CAD (75K) treatments represented the lowest infestations obtained in a similar caged 
experiment, as described by Catangui et al. (2009). To determine when treatment levels had been 
obtained, an average of the six replications was calculated for each entry.   
 The same experimental design was used as in Exp.2; however, there was a new 
randomization of the treatments and genotypes. The experiment was planted on 7 June, 2010, at 
the Agronomy and Agricultural Research Center near Ames.  The rows were 0.61 m long with a 
1.02 m row spacing and a 1.15 m alley. There were 24 seeds planted in each plot. The soil type at 
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the Agronomy Farm is a Nicollett loam (fine-loamy, mixed, superactive, mesic Aquic 
Hapludolls).   
The plots were thinned to 10 plants on 18 June at stage V1 when seedling emergence was 
complete (Fehr et al., 1971). Each plot was enclosed in a cage made of 38.1 mm diameter 
polyvinyl chloride (PVC) pipe with dimensions of 0.76 m by 0.76 m and 1.1 m tall.  The cages 
were covered with a fine mesh, white no-see-um netting (Balson-Hercules, New York, NY).  The 
cage frames were set up on 16 June, the nets were anchored in the soil on 25 June, and the nets 
were put over the frames to enclose the plants on 12 July.   
Soybean aphids for this experiment were obtained from a colony maintained at Iowa 
State University.  The Iowa State colony was established from field-collected aphids found in 
soybean production fields in Jasper and Story Counties in Iowa during 2008.  Additional field-
collected aphids were added in 2009 from Story County, IA.  Aphids were maintained in a 
growth chamber under a 14:10 day-night cycle on Prairie Brand 2636NRR, an aphid-susceptible 
genotype.  For aphid rearing in the field, six 6.9 m rows of the aphid-susceptible cultivar IA3027 
were planted on 26 May at the Curtiss Farm. Lab colony aphids were transferred to the two 
outdoor aphid rearing enclosures in early June.  Twenty five infested plants were transferred 
from the green house to the outdoor rearing enclosures.  There were a total of about 10,000 
aphids on the 25 laboratory plants.  The plants were placed within the cage to allow aphids to 
infest the other plants in the rearing enclosures. The rearing enclosures measured 4.5 m x 2.4 m x 
2.4 m.  The frame was made of 38.1 mm diameter PVC pipe. A fine mesh fabric (Redwood 
Empire Awning, Santa Rosa, CA) covered the frame of each enclosure.  The fabric was buried 
under the soil line to prevent predators from entering the enclosure.  
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All treatments, except the aphid-free, were initially infested on 12 July. A leaf from the 
rearing enclosure with approximately 50 aphids was attached with a paper clip to the top of the 
youngest fully expanded leaf on five plants in each plot.  Three aphid-free plots in separate 
replications were found to be naturally infested with over 50 aphids per plant. These plots were 
switched with un-infested plots that were originally intended to be infested.  The switch was 
made to assure that the aphid-free treatment had no infestation when the other four treatments 
were manually infested on 12 July.  
Aphids were first counted 3 d after infestation.  All genotype and treatment combinations 
were counted at least once a week until the end of the experiment on 18 August. Because A. 
glycines can increase their populations rapidly in absence of predation, we measured aphid 
populations 2-3 days later during the same week for those treatment and genotype combinations 
that represented the lowest aphid population that had yet been reached.  The mean population 
density of the six replications of each treatment was used to determine when the treatment level 
was reached.  Once the treatment level was reached for a genotype, the plots were sprayed with 
lambda-cyhalothrin (Warrior II ®, Syngenta,Wilmington, DE).  Whenever the insecticide was 
applied, the aphid-free treatment and all previously sprayed treatments also were sprayed to 
prevent aphid development.  
On 29 July when 675 AP level was reached for the S1/S2 genotype, the plots for the 25K, 
50K, and 75K treatments of the R1/R2, R1/S2, and S1/R2 genotypes were re-infested to increase 
the aphid populations on the resistant lines. A leaf from the rearing enclosures with 
approximately 100 aphids was attached with a paper clip to the top of the youngest fully 
expanded leaf on five plants in each plot.  By 18 August, the aphid populations had reached a 
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plateau and started to decline on all of the plots.  Therefore, all the plots were sprayed and no 
additional aphid counts were made. 
The maturity, height, seed yield, protein concentration, oil concentration, and seed weight 
of each were determined in the same manner as Exp.1. 
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CHAPTER 4 
STATISTICAL ANALYSIS 
Exp. 1 
It was not possible to conduct an analysis of variance that included the four genotypic 
classes because the number of lines of each genotype with a similar maturity was not the same in 
each backcross family. Comparison of lines with a similar maturity was important because of the 
significant phenotypic correlation of 0.14 between the mean yield and maturity of the entries in 
the experiment.  Therefore, each of the three genotypic classes with a Rag gene was compared 
independently with S1/S2 lines of similar maturity from the same backcross families.  There 
were 30 R1/R2 lines compared to 30 S1/S2 lines (Table A3), 23 R1/S2 lines compared to 23 
S1/S2 lines (Table A4), and 23 S1/R2 lines compared to 23 S1/S2 lines (Table A5).  The data for 
A08-123074, IA3027RA1, LD05-16521, LD08-89051a, IA3027, IA2053, IA3045, and IA3046 
were not included in the analyses.  The data for each of the three comparisons were analyzed as a 
randomized complete-block design using the general linear model (GLM) procedure of SAS 
version 9.2 (SAS Institute, 2008). Locations were considered a random effect and genotypes a 
fixed effect. The sums of squares for genotypes were partitioned into the two genotypic classes 
and the orthogonal contrast between the two genotypes. The mean squares for the location x 
genotype interactions were used to test each main effect and orthogonal contrast for significance 
by an F-test.  The linear additive model used for agronomic and seed traits was: 
Yij = µ + Li + Gj + LGij 
where, 
Yij = the observed value of the j
th
 genotype within the i
th
 location, 
  µ = the overall mean, 
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  Li = the effect of the i
th  
location, 
Gj = the effect of the j
th
 genotype, and 
LGij = the effect of the interaction between the j
th
 genotype in the i
th 
location. 
 
Table 3. Analysis of variance and expected mean squares for Exp.1. 
Source of 
Variation 
Degrees of Freedom Expected Mean Squares 
Location (L) (l-1) σ
2
 + 4 σ
2
L 
Genotype (G) (g-1) σ
2
 + σ
2
LG + 3 Φ (G) 
    Resistant (R) (r-1) σ
2
 + σ
2
LxRR + Φ (RR) 
    Susceptible (S) (s-1) σ
2
 + σ
2
LxSS + Φ (SS) 
    R vs. S 1 σ
2
 + σ
2
LxC + Φ (C) 
L x G (l-1)(g-1) σ
2
 + σ
2
LG 
    L x R (l-1)(r-1) σ
2
 + σ
2
LxRR 
    L x S (l-1)(s-1) σ
2
 + σ
2
LxSS 
    L x R vs. S (l-1)(c-1) σ
2
 + σ
2
LxC 
Total lg-1  
 
The standard error of the mean (SEM), coefficient of variance (CV), least significant 
difference (LSD) at the 0.01 and 0.05 probability levels, and Tukey’s honest significant 
difference (HSD) at the 0.05 probability level were calculated as: 
SEM = 
n
MSE
 (Lorenzen and Anderson, 1993) 
CV (%) = 100
x
MSE
 
LSD = 
n
MSE
tα
2
(Fisher, 1949) 
 HSD = 
n
MSE
qα (Tukey, 1949) 
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Where, 
 MSE = the error mean square for the location x genotype interaction, 
 x  = the mean for all entries for a trait, 
 n = the number of observations in each entry mean, 
 t = the critical t value at either the 0.01 or 0.05 probability level, and 
 q = the critical q value at the 0.05 probability level. 
 
Exp. 2 
The data for the 12 replications of the four genotypes were analyzed as a randomized 
complete-block design using the general linear model (GLM) procedure of SAS version 9.2 
(SAS Institute, 2008). The replications were considered a random effect and genotypes a fixed 
effect. The mean squares for the replication x genotype interactions were used to test each main 
effect for significance by an F-test.  The linear additive model used for agronomic and seed traits 
was: 
Yij = µ + Ri + Gj + RGij 
Where, 
Yij = the observed value of the j
th
 genotype within the i
th
 replication, 
  µ = the overall mean, 
  Ri = the effect of the i
th  
replication, 
Gj = the effect of the j
th
 genotype, and 
RGij = the effect of the interaction between the j
th
 genotype in the i
th 
replication. 
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   Table 4. Analysis of variance and expected mean squares for Exp. 2. 
Source of 
Variation 
Degrees of Freedom Expected Mean Squares 
Replication (R) (r-1) σ
2
 + 4 σ
2
R 
Genotype (G) (g-1) σ
2
 + σ
2
RG + 12 Φ (G) 
R x G (r-1)(g-1) σ
2
 + σ
2
RG 
Total rg-1  
 
The standard error of the mean (SEM), coefficient of variance (CV), least significant 
difference (LSD) at the 0.01 and 0.05 probability levels, and Tukey’s honest significant 
difference (HSD) at the 0.05 probability level were calculated as described in Exp.1. 
 
Exp. 3 
Analysis of Agronomic and Seed Traits 
 The data were analyzed as a randomized complete-block design using the general linear 
model (GLM) procedure of SAS version 9.2 (SAS Institute, 2008). The replications were 
considered a random effect and genotypes and treatments were fixed effects. The mean squares 
for the replication x genotype interactions were used to test each main effect for significance by 
an F-test. A combined analysis of both genotypes and treatments could not be conducted because 
the number of treatments obtained within in each genotype was not equal. The linear additive 
models used for agronomic and seed traits were: 
 
  Yij = µ + Ri + Gj + RGij  
 where, 
Yij = the observed value of the j
th
 genotype within the i
th
 replication, 
  µ = the overall mean, 
  Ri = the effect of the i
th 
replication, 
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Gj = the effect of the j
th
 genotype  
RGij = the effect of the interaction between the j
th
 genotype in the i
th 
replication, 
 
Table 5. Analysis of variance and expected mean squares for each genotype for Exp. 3. 
Source of 
Variation 
Degrees of Freedom Expected Mean Squares 
Replication (R) (r-1) σ
2
 + 4 σ
2
R 
Genotype (G) (g-1) σ
2
 + σ
2
RG + 6 Φ (G) 
R x G (r-1)(g-1) σ
2
 + σ
2
RG 
Total: rg-1  
 
 
and 
Yij = µ + Ri + Tj + RTij  
where,  
Yijk = the observed value of the j
th
 treatment in the i
th
 replication, 
  µ = the overall mean, 
  Ri = the effect of the i
th 
replication, 
Tj = the effect of the j
th
 treatment, 
RTij = the effect of the interaction between the j
th
 treatment in the i
th 
replication, 
 
Table 6. Analysis of variance and expected mean squares for each treatment for Exp. 3. 
Source of 
Variation 
Degrees of Freedom Expected Mean Squares 
Replication (R) (r-1) σ
2
 + 5 σ
2
R 
Treatment (T) (t-1) σ
2
 + σ
2
TR + 6 Φ (T) 
R x T (r-1)(t-1) σ
2
 + σ
2
RT 
Total: rt-1  
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The standard error of the mean (SEM), coefficient of variance (CV), least significant 
difference (LSD) at the 0.01 and 0.05 probability levels, and Tukey’s honest significant 
difference (HSD) at the 0.05 probability level were calculated as described in Exp.1. 
 
Aphid Analysis 
 The mean number of aphids per plant for each genotype was calculated to determine if 
the aphid density varied across the genotypes.  For the S1/S2 line, six replications of the 75K 
treatment were used to calculate the mean number of aphids per plant.  For the R1/R2, R1/S2, 
and S1/R2 lines, 12 replications were used to calculate the mean number of aphids per plant, 
which included the six replications of both the 25K and 50K treatments that were not sprayed 
until the experiment was terminated on 18 August.  To determine when the number of aphids per 
plant became significantly different among genotypes, the standard error of the mean was 
calculated for each genotype at every date that the aphids were counted. 
  The intrinsic rate of growth was calculated to determine the impact of the four genotypes 
on soybean aphid development. The linear regression coefficient r was determined by calculating 
the slope of aphid density (transformed by ln+1) over time for each plot assigned the 675 AP 
treatment.  The first intrinsic rate of growth (r) was calculated for the range of time beginning 3 d 
after the initial infestation and ending when a plot had reached or exceeded 675 AP or the 
population had reached a plateau for two consecutive sampling dates.  The second intrinsic rate 
of growth (r) was calculated using the same transformation of aphid data from the 25K and 50K 
treatments of the R1/R2, R1/S2, and S1/R2 genotypes from after the second infestation until the 
end of the season 18 August. The mean slope and standard error of the mean of this relationship 
was calculated for each entry. The data for intrinsic rates of growth (r) were analyzed using the 
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general linear model (GLM) for an analysis of variance and the least significant difference was 
calculated to determine if the r values varied significantly across the four genotypes. The linear 
additive model, analysis of variance, and expected mean squares for each genotype used for 
analysis of aphid intrinsic rate of growth were the same as described above for agronomic traits. 
The standard error of the mean (SEM), coefficient of variance (CV), least significant 
difference (LSD) at the 0.01 and 0.05 probability levels, and Tukey’s honest significant 
difference (HSD) at the 0.05 probability level were calculated as described in Exp.1. 
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CHAPTER 5 
RESULTS 
Exp. 1 
 The mean yield of the 30 R1/R2 lines was significantly different from the mean yield of 
the 30 S1/S2 lines (Table 7 and A6). The mean yield of 374 g plot
-1
 for R1/R2 lines was 17.4% 
less than the 453 g plot
-1
 for S1/S2 lines. The variation in yield among the R1/R2 lines from 219 
to 508 g plot
-1
was significant, but the variation among the S1/S2 lines from 350 to 527 g plot
-1 
was not significant.  The 60 lines were ranked in yield to determine if there were any high 
yielding R1/R2 lines that would merit further testing as potential cultivars. Of the top 20 yielding 
lines, four were R1/R2 lines (Table 10).  Of these four R1/R2 lines, three yielded more than 
IA3027. These results indicated that it may be possible to identify high yielding R1/R2 lines in a 
segregating population, even though their frequency may be less than for S1/S2 lines. 
 The mean maturity of the R1/R2 and S1/S2 lines was not significantly different (Table 7).  
This result was expected because the lines used for the analysis were selected for similar 
maturity.  The variation among lines from 21 to 36 d was significant for both the R1/R2 and 
S1/S2 types.   
 The R1/R2 lines were significantly taller by 6 cm than the S1/S2 lines (Table 7).  The 
variation among R1/R2 lines from 50 to 77 cm and among S1/S2 lines from 58 to 86 cm was 
significant. The difference of 0.2 in mean lodging score of R1/R2 and S1/S2 lines was significant 
(Table 7).   The variation among R1/R2 lines from 1.5 to 2.3 and among S1/S2 lines from 1.7 to 
2.5 was not significant.  
 The mean protein and oil concentrations were significantly different between the R1/R2 
and S1/S2 lines (Table 7).  The mean protein concentration of the R1/R2 lines was 4 g kg
-1
 less 
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than the S1/S2 lines. The variation among R1/R2 lines from 350 to 379 g kg
-1
 and among S1/S2 
lines from 342 to 386 g kg
-1
 was significant. For mean oil concentration of the R1/R2 lines was 3 
g kg
-1 
more than the S1/S2 lines (Table 7). The variation among R1/R2 lines from 180 to 196 g 
kg
-1
 and among S1/S2 lines from 177 to 197 g kg
-1
 was significant. The mean seed weight of the 
R1/R2 line was not significantly different than the S1/S2 lines. The variation among the R1/R2 
lines from 101 to 204 mg seed
-1
 and among the S1/S2 lines from 157 to 202 mg seed
-1
 was 
significant.   
 The mean yield of the 23 R1/S2 lines was significantly different from the mean yield of 
the 23 S1/S2 lines (Table 8 and A7).  The mean yield of 420 g plot 
-1
 for R1/S2 lines was 10.8% 
less than the 471 g plot
-1
 for S1/S2 lines.  The variation in yield among the R1/S2 lines from 246 
to 570 g plot
-1
 was significant, but the variation among the S1/S2 lines from 350 to 530 g plot
-1 
was not significant.  The 46 lines were ranked in yield to determine if there were any high 
yielding R1/S2 lines that would merit further testing as potential cultivars.  Of the top 20 
yielding lines, six were R1/S2 lines (Table 11).  All of these six R1/S2 lines yielded as high as 
IA3027.  These results indicate that it may be possible to identify high yielding R1/S2 lines in a 
segregating population, even though their frequency may be less than for S1/S2 lines. 
The mean maturity of the R1/S2 and S1/S2 lines was not significantly different (Table 8).  
This result was expected because the lines were selected for the analysis based on similar 
maturity.  The variation among R1/S2 lines from 20 to 36 d and among S1/S2 lines from 21 to 36 
was significant.   
The R1/S2 lines were significantly shorter by 3 cm than the S1/S2 lines (Table 8). The 
variation among R1/S2 lines from 57 to 81 cm and among S1/S2 lines from 63 to 86 was 
significant.  The mean lodging score of the R1/S2 and S1/S2 lines was not significantly different 
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(Table 8).  The variation among R1/S2 lines from 1.8 to 2.8 and among S1/S2 lines from 1.8 to 
2.3 was not significant.  
 The mean protein concentration, oil concentration, and seed weight were not significantly 
different between the R1/S2 and S1/S2 lines (Table 8).  The variation for protein concentration 
among R1/S2 lines from 342 to 390 g kg
-1
 and among S1/S2 lines from 342 to 386 g kg
-1
 was 
significant. The variation for oil concentration among R1/S2 lines from 172 to 196 g kg
-1
 and 
among S1/S2 lines from 176 to 197 g kg
-1
 was significant.  The variation among the R1/S2 lines 
from 154 to 202 mg seed
-1
 and among the S1/S2 lines from 157 to 202 mg seed
-1
 was significant. 
The mean yield of the 23 S1/R2 lines was significantly different from mean yield of the 
23 S1/S2 lines (Table 9 and A8).  The mean yield of 416 g plot
-1 
for S1/R2 lines was 8.8% less 
than the 456 g plot
-1
 for S1/S2 lines. The variation in yield among the S1/R2 lines from 203 to 
525 g plot
-1
 was significant, but the variation among the S1/S2 lines from 350 to 527 g plot
-1
 was 
not significant. The 46 lines were ranked in yield to determine if there were any high yielding 
S1/R2 lines that would merit further testing as potential cultivars.  Of the top 20 yielding lines, 
seven were S1/R2 lines (Table 12).  Of these seven S1/R2 lines, two yielded more than IA3027.  
These results indicate that it may be possible to identify high yielding S1/R2 lines in a 
segregating population, even though their frequency may be less than for S1/S2 lines. 
The mean maturity of the S1/R2 and S1/S2 lines was not significantly different (Table 9).  
This result was expected because the lines were selected for the analysis based on similar 
maturity.  The variation among lines from 22 to 33 d was significant for both the S1/R2 and 
S1/S2 lines. 
The S1/R2 lines were significantly shorter by 5 cm than the S1/S2 lines (Table 9). The 
variation among S1/R2 lines from 52 to 74 cm and among S1/S2 lines from 59 to 86 cm was 
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significant. The difference of 0.1 in mean lodging score of S1/R2 and S1/S2 lines was 
significantly different (Table 9). The variation among S1/S2 lines from 1.3 to 2.3 and among 
S1/S2 lines from 1.7 to 2.3 was not significant.  
The mean protein concentration, oil concentration, and seed weight were not significantly 
different between the S1/R2 and S1/S2 lines (Table 9).  The variation for protein concentration 
among S1/R2 lines from 343 to 384 g kg
-1
 and among S1/S2 lines from 350 to 380 g kg
-1
 was 
significant.  The variation for oil concentration among S1/R2 lines from 178 to 199 g kg
-1
 and 
among S1/S2 lines from 177 to 193 g kg
-1
 was significant.  The variation among the S1/R2 lines 
from 149 to 190 mg seed
-1
 and among S1/S2 lines from 154 to 193 mg seed
-1
 was significant. 
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Table 7. Mean and range for agronomic and seed traits of 30 R1/R2 and 30 S1/S2 lines grown in Exp.1 at 
three Iowa environments in 2010. 
Trait Classb
 
Mean Range 
Yield R1/R2 374 219-508** 
(g plot
-1
) S1/S2 453** 350-527ns 
    
Maturity
c R1/R2 30 21-36** 
(days) S1/S2 30nsa
 
21-36** 
    
Height R1/R2 67 50-77** 
(cm) S1/S2 73** 58-86** 
    
Lodging
d R1/R2 1.9 1.5-2.3ns 
(score) S1/S2 2.1** 1.7-2.5ns 
    
Protein
 e R1/R2 365 350-379** 
(g kg
-1d
) S1/S2 369** 342-386** 
    
Oil
 e R1/R2 188 180-196** 
(g kg
-1
) S1/S2 185** 177-197** 
    
Seed weight R1/R2 179 101-204** 
(mg seed
-1
) S1/S2 178ns 157-202** 
*Significant difference at the 0.05 probability level between the means of the two types or among lines 
within a type. 
**Significant difference at the 0.01 probability level between the means of the two types or among lines 
within a type. 
a
ns, no significant difference at the 0.05 probability level between the means of the two types or among 
lines within a type. 
b
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
c
Days after 31 August. 
d
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
e
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table 8. Mean and range for agronomic and seed traits of 23 R1/S2 and 23 S1/S2 lines grown in Exp.1 at 
three Iowa environments in 2010. 
Trait Classb Mean Range 
Yield R1/S2 420 246-570* 
(g plot
-1
) S1/S2 471** 350-530ns 
    
Maturity
c R1/S2 31 20-36** 
(days) S1/S2 31nsa
 
21-36** 
    
Height R1/S2 71 57-81** 
(cm) S1/S2 74* 63-86** 
    
Lodging
d R1/S2 2.2 1.8-2.8ns 
(score) S1/S2 2.2ns 1.8-2.3ns 
    
Protein
 e R1/S2 368 342-390** 
(g kg
-1
) S1/S2 368ns 342-386** 
    
Oil
 e R1/S2 185 172-196** 
(g kg
-1
) S1/S2 185ns 176-197** 
    
Seed weight R1/S2 176 154-202** 
(mg seed
-1
) S1/S2 179ns 157-202** 
*Significant difference at the 0.05 probability level between the means of the two types or among lines 
within a type. 
**Significant difference at the 0.01 probability level between the means of the two types or among lines 
within a type. 
a
ns, no significant difference at the 0.05 probability level between the means of the two types or among 
lines within a type. 
b
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
c
Days after 31 August. 
d
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
e
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table 9. Mean and range for agronomic and seed traits of 23 S1/R2 and 23 S1/S2 lines grown in Exp.1 at 
three Iowa environments in 2010. 
Trait Classb
 
Mean Range 
Yield S1/R2 416 203-525** 
(g plot
-1
) S1/S2 456** 350-527ns 
    
Maturity
c S1/R2 28 22-33** 
(days) S1/S2 28nsa 22-33** 
    
Height S1/R2 66 52-74** 
(cm) S1/S2 71** 59-86** 
    
Lodging
d S1/R2 1.9 1.3-2.3ns 
(score) S1/S2 2.0* 1.7-2.3ns 
    
Protein
 e S1/R2 366 343-384** 
(g kg
-1
) S1/S2 367ns 350-380** 
    
Oil
 e S1/R2 187 178-199** 
(g kg
-1
) S1/S2 186ns 177-193** 
    
Seed weight S1/R2 172 149-190** 
(mg seed
-1
) S1/S2 173ns 154-193** 
*Significant difference at the 0.05 probability level between the means of the two types or among lines 
within a type. 
**Significant difference at the 0.01 probability level between the means of the two types or among lines 
within a type. 
a
ns, no significant difference at the 0.05 probability level between the means of the two types or among 
lines within a type. 
b
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1;S2= absence of Rag2. 
c
Days after 31 August. 
d
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
e
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table 10. Top 20 yielding lines of the 30 R1/R2 and 30 S1/S2 lines grown in Exp.1 based on their mean 
performance at three Iowa environments in 2010. 
Entry
a
 Family
b
 Class
c
 Rank Yield Maturity
d
 Height Lodging
e
 Protein
f
 Oil
f
 
Seed 
weight 
 
   
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409206 D1-5 S1/S2 1 527 30 78 2.2 368 181 160 
409264 D2-2 S1/S2 2 527 35 80 2.3 369 181 182 
409263 D2-2 S1/S2 3 513 29 77 2.0 376 183 173 
409238 D2-19 S1/S2 4 510 34 78 2.2 365 189 183 
409256 D2-2 S1/S2 5 509 33 79 2.5 384 179 183 
409019 D2-18 R1/R2 6 508 32 77 2.0 361 189 186 
409210 D1-5 S1/S2 7 507 30 86 1.8 370 180 171 
409229 D2-18 S1/S2 8 505 30 70 2.3 378 183 182 
409244 D2-19 S1/S2 9 497 33 76 2.2 351 193 165 
409249 D1-19 S1/S2 10 490 24 70 2.3 361 190 171 
409213 D1-11 S1/S2 11 489 31 65 2.0 370 185 157 
409055 D2-2 R1/R2 12 486 32 71 2.0 370 186 184 
409056 D2-2 R1/R2 13 486 35 74 2.0 371 182 191 
409258 D2-2 S1/S2 14 485 32 74 2.3 378 180 183 
409271 D2-16 S1/S2 15 478 31 73 2.0 367 187 171 
409020 D2-18 R1/R2 16 471 30 69 2.3 359 188 180 
409230 D2-18 S1/S2 17 466 31 78 2.2 367 185 189 
409226 D2-18 S1/S2 18 466 31 77 2.0 370 184 182 
409240 D2-19 S1/S2 19 463 33 81 2.0 343 197 179 
409211 D1-5 S1/S2 20 457 28 71 1.7 380 177 172 
a
Entries have the prefix A10-. 
b
Backcross family from AX22055. 
c
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
d
Days after 31 August. 
e
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
f
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table 11. Top 20 yielding lines of the 23 R1/S2 and 23 S1/S2 lines grown in Exp.1 based on their mean 
performance at three Iowa environments in 2010. 
Entry
a
 Family
b
 Class
c
 Rank Yield Maturity
d
 Height Lodging
e
 Protein
f
 Oil
f
 
Seed 
weight 
 
   
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409127 D2-2 R1/S2 1 570 34 78 2.3 374 183 202 
409086 D1-5 R1/S2 2 560 31 75 2.2 365 184 169 
409259 D2-2 S1/S2 3 530 33 72 2.0 379 177 185 
409206 D1-5 S1/S2 4 527 30 78 2.2 368 181 160 
409264 D2-2 S1/S2 5 527 35 80 2.3 369 181 182 
409257 D2-2 S1/S2 6 519 34 71 2.3 383 176 185 
409238 D2-19 S1/S2 7 510 34 78 2.2 365 189 183 
409265 D2-12 S1/S2 8 509 26 79 2.3 375 183 179 
409210 D1-5 S1/S2 9 507 30 86 1.8 370 180 171 
409097 D2-18 R1/S2 10 507 30 75 2.5 369 185 202 
409229 D2-18 S1/S2 11 505 30 70 2.3 378 183 182 
409222 D1-11 S1/S2 12 498 32 63 2.0 370 187 173 
409244 D2-19 S1/S2 13 497 33 76 2.2 351 193 165 
409126 D2-2 R1/S2 14 490 32 77 2.7 374 183 177 
409249 D1-19 S1/S2 15 490 24 70 2.3 361 190 171 
409213 D1-11 S1/S2 16 489 31 65 2.0 370 185 157 
409102 D2-19 R1/S2 17 487 30 69 2.0 342 196 154 
409095 D1-11 R1/S2 18 487 33 71 2.3 371 185 178 
409258 D2-2 S1/S2 19 485 32 74 2.3 378 180 183 
409271 D2-16 S1/S2 20 478 31 73 2.0 367 187 171 
a
Entries have the prefix A10-. 
b
Backcross family from AX22055. 
c
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
d
Days after 31 August. 
e
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
f
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table 12. Top 20 yielding lines of the 23 S1/R2 and 23 S1/S2 lines grown in Exp.1 based on their mean 
performance at three Iowa environments in 2010. 
Entry
a
 Family
b
 Class
c
 Rank Yield Maturity
d
 Height Lodging
e
 Protein
f
 Oil
f
 
Seed 
weight 
 
   
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409206 D1-5 S1/S2 1 527 30 78 2.2 368 181 160 
409171 D2-18 S1/R2 2 525 30 71 2.0 368 187 178 
409210 D1-5 S1/S2 3 507 30 86 1.8 370 180 171 
409229 D2-18 S1/S2 4 505 30 70 2.3 378 183 182 
409222 D1-11 S1/S2 5 498 32 63 2.0 370 187 173 
409244 D2-19 S1/S2 6 497 33 76 2.2 351 193 165 
409203 D2-16 S1/R2 7 490 31 74 2.2 366 189 171 
409213 D1-11 S1/S2 8 489 31 65 2.0 370 185 157 
409245 D1-19 S1/S2 9 488 23 71 2.2 353 192 169 
409258 D2-1 S1/S2 10 485 32 74 2.3 378 180 183 
409271 D2-16 S1/S2 11 478 31 73 2.0 367 187 171 
409227 D2-18 S1/S2 12 477 22 67 1.8 366 192 187 
409183 D2-1 S1/R2 13 470 28 65 2.0 369 185 190 
409230 D2-18 S1/S2 14 466 31 78 2.2 367 185 189 
409226 D2-18 S1/S2 15 466 31 77 2.0 370 184 182 
409172 D2-18 S1/R2 16 465 30 69 2.2 357 187 168 
409174 D2-19 S1/R2 17 463 33 74 2.2 343 199 175 
409168 D2-18 S1/R2 18 463 31 71 2.0 365 188 175 
409211 D1-5 S1/S2 19 457 28 71 1.7 380 177 172 
409146 D1-5 S1/R2 20 455 26 73 1.8 362 188 161 
a
Entries have the prefix A10-. 
b
Backcross family from AX22055 
c 
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
d
Days after 31 August. 
e
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
f
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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EXP. 2 
The differences in the mean yield of the four genotypes were significant (Table 13).  The 
mean yield of the S1/S2 line was 2.5% more than the R1/R2 line, 19.0% less than the R1/S2 line, 
and 11.8% more than the S1/S2 line (Table 14).  These results did not agree with the mean yield 
of the same lines when tested in Exp. 1.  The mean yield of the same R1/R2 lines used in the 
bulk when grown individually in Exp. 1 was 27.8% less than the S1/S2 lines, while the mean 
yield of the bulk in Exp. 2 was 2.5% less than the S1/S2 lines
 
(Table 15). The mean yield of the 
R1/S2 lines in the bulk when grown individually in Exp. 1 was 9.8% less than the S1/S2 lines, 
while the mean yield of the bulk in Exp. 2 was 19.0% more than the S1/S2 lines (Table 15).  The 
mean yield of the S1/R2 lines used in the bulk when grown individually in Exp. 1 was 11.0% 
less than the S1/S2 lines, while the mean yield of the bulk in Exp. 2 was 11.8% less than the 
S1/S2 lines (Table 15).   
The differences in the relative mean yield of the four genotypes in Exp. 1 and 2 could be 
associated with the mean maturity of the genotypes as bulked lines in Exp.2.  The 5 d later 
maturity of the R1/R2 line than the S1/S2 line could have caused the smaller difference in yield 
of the R1/R2 line relative to the S1/S2 line in Exp. 2 than in Exp. 1.  Similarly, the 7 d later 
maturity of the R1/S2 line than the S1/S2 line in Exp. 2 could have its yield to be greater than 
that of the S1/S2 line.  The S1/R2 line matured the same day as the S1/S2 line and the yield 
reduction of 11.8% in Exp. 2 was very similar to the yield reduction observed in Exp. 1. 
The mean height of the S1/S2 bulk was 2 cm shorter than the R1/R2 line, 9 cm shorter 
than R1/S2 line, and 1 cm taller than the S1/S2 line (Table 14). The average lodging score of the 
S1/S2 line was 0.3 less than the R1/R2 bulk, 0.3 less than the R1/S2 line, and the same as the 
S1/R2 line (Table 14).  
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The genotypes were not significantly different for protein or oil concentration (Table 14).  
The mean protein concentration of the S1/S2 bulk was 7 g kg
-1
 less than the R1/R2 bulk, 4 g kg
-1
 
less than the R1/S2 bulk, and 3 g kg
-1
 less than the S1/R2 bulk (Table 14).  The mean oil 
concentration of the S1/S2 bulk was 3 g kg
-1
 more than the R1/R2 bulk, 3 g kg
-1
 more than the 
R1/S2 bulk, and the S1/R2 bulk had the same oil concentration of 189 g kg
-1
 (Table 14). The 
genotypes were significantly different for seed weight (Table 14).  The mean seed weight of the 
S1/S2 line was 10 mg seed
-1
 less than the R1/R2 bulk, 9 mg seed
-1
 less than the R1/S2 bulk, and 
1 mg seed
-1
 more than the S1/R2 bulk (Table 14). 
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Table 13. Analysis of variance of all lines in Exp.2 at the Curtiss Farm near Ames, IA, in 2010.  
  Mean Squares 
Source DF Yield  
 
Maturity
b
  
 
Height 
 
Lodging
c 
 
Protein
d
  
 
Oil
d
  
  
Seed 
weight  
  g plot
-1 days cm score g kg-1 g kg-1 mg seed-1 
Replications (R) 11 38076.3** 4.6nsa
 
99.7ns 0.3ns 82.1ns 11.3ns 97.8ns 
Genotypes (G) 3 40512.3** 163.4** 256.1* 0.4* 91.8ns 47.9ns 442.4** 
R x G 33 5627.3 3.4 62.8 4.8 62.1 18.5 57.0 
Total 47        
         
CV (%)  16.5 6.6 13.6 17.6 2.1 2.3 4.0 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
 
 
 
 
 
Table 14. Mean performance of four genotypes in Exp.2 at  the Curtiss Farm near Ames, IA, in 2010. 
Entry
a Classb Yield Maturityc Height Lodgingd Proteine
 
Oil
e Seed 
weight 
 
 
g plot
-1 
days cm score g kg-1 g kg-1 mg sd-1 
410001 R1/R2 437 30 58 2.3 373 186 195 
410002 R1/S2 533 32 65 2.3 370 186 194 
410003 S1/R2 395 25 55 2.0 369 189 184 
410004 S1/S2 448 25 56 2.0 366 189 185 
         
SEM  21.7 0.5 2.3 0.1 2.3 1.2 2.2 
LSD 0.05 62.3 1.5 6.6 0.3 6.5 3.6 6.3 
LSD 0.01 83.7 2.1 8.8 0.4 8.7 4.8 8.4 
a
Entries have the prefix A10. 
b
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
c
Days after 31 August. 
d
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
e
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table 15. Mean yield comparison between R1/R2 vs. S1/S2, R1/S2 vs. S1/S2, and S1/R2 vs. S1/S2 lines 
used in Exp.1 and lines bulked for Exp.2. 
  Exp.1  Exp.2 
  Yield  Diff
b 
 Yield  Diff 
Class
a  g plot
-1 %  g plot
-1 % 
R1/R2  309 -27.8  437 -2.5 
R1/S2  386 -9.8  533 +19.0 
S1/R2  381 -11.0  395 -11.8 
S1/S2  428   448  
a
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
b
Percentage difference from the S1/S2 genotype. 
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Exp. 3 
It was possible to successfully infest and maintain soybean aphid populations on the 
R1/R2, R1/S2, S1/R2, and S1/S2 lines with the biotype used for the study. Starting 21 July, the 
number of aphids per plant became significant different on the S1/S2 line compared to the 
R1/R2, R1/S2, and S1/S2 lines (Table 16). The treatment of 675 AP was first obtained by the 
S1/S2 line on 26 July, 16 d after the initial infestation.  Large populations were achieved on the 
S1/S2 line. The 25K treatment was obtained on 5 August, 24 d after the initial infestation.  The 
S1/S2 line reached 50K on 12 August, 35 d after the initial infestation, but never reached the 
75K treatment. 
Although soybean aphid populations persisted on the three resistant lines, the populations 
did not reach the magnitude as seen on the S1/S2 line.  Both the R1/S2 and S1/R2 lines reach 
675 AP on 5 August, 24 d after the initial infestation.  The R1/S2 and S1/R2 lines required a 
second infestation to reach 25K.  On 16 August, 18 d after the second infestation the 25K 
treatment was reached for both the R1/S2 and S1/R2 lines.  The 50K and 75 K treatments were 
not obtained on either the R1/S2 or S1/R2 lines. 
The R1/R2 line never reached the 675 AP treatment level after the initial infestation; 
therefore, it was necessary to make a second infestation.  It was 18 d after the second infestation 
on when the 675 AP treatment was reached.  None of the higher soybean aphid population 
treatments were obtained by the R1/R2 line.   
The intrinsic rate of growth of soybean aphids on S1/S2 was significantly higher than for 
any of the resistant lines on 21 July, from 3 d after the initial infestation on July 12 until the 
population reached 675 AP or reached a plateau (Table 17). There was no significant difference 
in the intrinsic rates of growth among the three resistant lines during this same time period. 
Although there was not a difference in the intrinsic rates of growth among the resistant lines, the 
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number of aphids per plant on the R1/R2 line became significantly lower than the R1/S2 and 
S1/R2 lines on 9 August (Table 16). The intrinsic rate of growth of soybean aphids on the 
R1/R1, R2/S2, S1/R2 lines from after the second infestation until the end of the season were not 
significantly different from each other even after the second infestation (Table 17). Although the 
final aphid populations on the R1/R2 line was significantly lower than the R1/S2 and S1/R2 
lines, the intrinsic rate of growth did not explain this significant difference. 
The yields of the 25K and 50K treatments for the S1/S2 line were significantly less than 
the aphid-free treatment, which indicated that the aphid infestations were effective in causing 
yield loss (Table 18). The mean yields of the aphid-free and the 675 AP treatments were not 
significantly different for the R1/R2 line.  The mean yield of the 25K treatment was only 2.3% 
less than the aphid-free treatment for the R1/S2 line, while the S1/R2 line had 11.8% lower yield 
(P=0.09) at the same treatment level.  This suggested that lines with the Rag1 and Rag2 genes 
alone may respond differently in yield when there are heavy aphid infestations.   
 Under aphid-free conditions, the difference in yield between the genotypes was not 
significant (Table 18). The S1/S2 lines in Exp. 3 yielded 0.3% more than the R1/R2 line, 0.5% 
more than the R1/S2 line, and 9.9 % more than the S1/R2 line (Table 19). These results did not 
agree with the mean yield of the same lines when tested individually in Exp. 1.  The mean yield 
of the R1/R2 lines in Exp. 1 was 7.0% less than the S1/S2 lines, while the mean yield of the bulk 
in Exp. 3 was 0.3% less than the S1/S2 bulk (Table 19).  The mean yield of the individual R1/S2 
lines in Exp. 1 was 3.7% less than the S1/S2 lines, while the mean yield of the bulk in Exp. 3 
was 0.5% less than the S1/S2 bulk (Table 19). The mean yield of the individual S1/R2 lines in 
Exp. 1 was 8.1% less than the S1/S2 lines, while the mean yield of the bulk in Exp. 3 was 9.9% 
less than the S1/S2 bulk (Table 19). 
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Table 16. Average aphid populations
a
 on four genotypes in Exp.3 in 2010. 
 Average aphid per plant (± SEM)b 
Genotype
c 15 July 21 July 26 July 3 August 9 August 16 August 
R1/R2 33 ± 5a   62 ± 13a 175 ± 32ab 430 ± 71a 481 ± 98a 505 ± 145a 
R1/S2 31 ± 7a   68 ± 12a 255 ± 48a 1079 ± 225b 1374 ± 233b 1283 ± 278b 
S1/R2 22 ± 4a   49 ± 11a 126 ± 31b 730 ± 191ab 1312 ± 215b 1572 ± 281b 
S1/S2 30 ± 8a 113 ± 20b 561 ± 46c 3125 ± 384c 3409 ± 312c 2486 ± 387c 
       
LSD 0.05
d 16 27 106 542 568 664 
a
Aphid populations were established with an artificial infestation on 12 July. 
b
Values within a column with the same letter were not significantly different at the 0.05 probability level 
based on least significant difference (LSD) (Fisher, 1949).
 
c
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
d
Least significant difference at the 0.05 probability level. 
 
 
 
 
Table 17. Intrinsic rate of aphid growth (r) on four genotypes in Exp.3 in 2010.  
Genotype
a 
Mean r
 b,c
 Mean r
 b,d 
S1/S2 0.34a  
S1/R2 0.18b   0.06a 
R1/S2 0.16b   0.01a 
R1/R2 0.13b -0.008a 
   
SEM 0.02   0.03 
a
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
b
Means within a column with the same letter were not significantly different at the 0.05 
probability level based on least significant difference (LSD) (Fisher, 1949). 
c
Aphid data were log transformed and r was calculated for the time period between 3 d after the 
initial infestation until the population reach 675 AP or reached a plateau. 
d
Aphid data were log transformed and r was calculated for the time period between the second 
infestation until the end of the season. 
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Table 18. Mean yield of four genotypes exposed to varying aphid treatment levels in Exp.3 in 
2010.  
 Genotype
a    
Treatment R1R2 Diffb R1S2 Diff S1R2 Diff S1S2 Diff  Alpha LSD‡ 
 g plot
-1 
% g plot-1
 
% g plot-1
 
% g plot-1
 
%    
0 571  570  516  573   0.20 63 
675 AP 540 -5.4 603 +5.8 465 -9.9 561 -2.1  0.05 75 
25 K .  557 -2.3 455 -11.8 465 -18.8  0.05 81 
50 K .  .  .  419 -26.9   . 
Alpha
c 0.40  0.30  0.09  0.01     
LSD
d 
85  63  58  74     
a
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
b
Percentage difference from the aphid-free treatment within genotype. 
c
Alpha level at which differences within genotypes were significant based on an F test. 
d
Least significant difference at the 0.05 probability level. 
 
 
 
 
 
 
 
 
 
Table 19. Mean yield comparison between R1/R2 vs. S1/S2, R1/S2 vs. S1/S2, and S1/R2 vs. S1/S2 bulks 
in Exp.3 under aphid-free conditions and the mean of the individual lines of the bulk in Exp.1. 
  Exp.1  Exp.3 
  Yield  Diff
 b  Yield
c
  Diff 
Class
a  g plot
-1 %  g plot
-1 % 
R1/R2  427 -7.0  571 -0.3 
R1/S2  442 -3.7  570 -0.5 
S1/R2  422 -8.0  516 -9.9 
S1/S2  459   573  
a
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1;S2= absence of Rag2. 
b
Percentage difference from the S1/S2 genotype. 
c
Mean yields of Exp.3 under aphid-free conditions were not significantly different. 
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CHAPTER 6 
DISCUSSION 
The yield differences between the R1/S2 and S1/S2 types were not consistent among the 
three experiments.  The mean yield of the R1/S2 line was 10.8 % less than the S1/S2 line in Exp. 
1, 19.0% more than in Exp.2, and not significantly different in Exp.3.  The yield differences 
between the two types in Exp. 1 and Exp. 2 did not agree with Kim and Diers (2009) and 
Mardorf et al. (2010) who found no significant difference in yield between Rag1 and rag1 lines 
under aphid-free conditions.  
One reason for the difference in the yield results between my study and those of Kim and 
Diers (2009) and Mardorf et al. (2010) may be the parentage of the populations used.  The 
parentage of the lines in my experiments included A08-123074 and LD08-89051a.  The A08-
123074 line was a BC2F2-derived line developed using IA3027 as the recurrent parent, and 
LD05-16521 was the donor of the Rag1 gene.  The LD08-89051a line was the donor of the Rag2 
gene.  Loda,  was the high yielding SCN-resistant cultivar used as the recurrent parent and 
Dowling was the donor of the Rag1 gene were used by Kim and Diers (2009) to develop the 
BC3F2-derived lines they evaluated.  For the BC2F2-derived lines they tested, Dwight was their 
recurrent parent and a resistant F2 plant from the cross of Loda and Dowling was used as the 
donor parent.  Mardorf et al. (2010) developed their BC2F2-derived lines using IA3027 as the 
recurrent parent and LD05-16521 as the donor of the Rag1 gene.  The line LD05-16521 was a 
BC3-derived line developed from the cross of Loda and Dowling.  None of the populations used 
by Kim and Diers (2009) and Mardorf et al. (2010) had parentage from LD08-89051a.  It is 
possible that there were undesirable genetic factors for yield in LD08-89051a that caused the 
difference in yield results between my research and that of the other two studies. 
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Another possible reason for the difference for the difference between my results and 
those of Kim and Diers (2009) and Mardorf et al. (2010) could be associated with the percentage 
of the recurrent parent that was recovered in the lines tested.   When more of the recurrent parent 
is recovered, there is less of the donor genome that could have a negative influence on the 
performance of the lines.  The BC1F2-derived lines used in my research had, on average, 75% of 
the recurrent parent A08-123074 and 25% of the donor LD08-89051a.  Kim and Diers (2009) 
used BC2F2- and BC3F2- derived lines and Mardorf et al. (2010) used BC2F2-derived lines.   In 
the BC2-derived lines, an average of 87.5% of the recurrent parent is recovered.  In the BC3-
derived lines, an average of 93.75% of the recurrent parent is recovered.  Increasing the number 
of backcrosses to the recurrent parent will increase its percentage in lines and may reduce any 
negative association between the Rag genes and yield. 
 The difference in yield results between my research and that of Kim and Diers (2009) 
and Mardorf et al. (2010) may have been associated with the different plot sizes and number of 
environments used in the three studies.  In Exp. 1, the plots were 0.76 m long.  The plots in Exp. 
2 contained 8 plants and were 0.61 m long.  The plots in Exp. 3 contained 10 plants and were 
0.61 m long.  Kim and Diers (2009) evaluated their lines at three Illinois locations for two years 
in two-row plots 3.6 m long. Mardorf et al. (2010) grew their lines under aphid-free conditions in 
two-row plots 3.05 m long at three Iowa locations. Evaluating lines in larger plots and multiple 
environments would provide more reliable estimates of yield. 
The yield differences between the S1/R2 and the S1/S2 types were consistent among the 
three experiments.  The mean yield of the S1/R2 type was 8.8% less than the S1/S2 type in Exp. 
1, 11.8% less in Exp. 2, and 9.9% less in Exp. 3.  Based on the consistent yield reduction of the 
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S1/R2 lines compared to the S1/S2 lines, it may be more difficult to recover high yielding line 
with Rag2 gene alone than lines with the Rag1 gene alone.  
The yield differences between the R1/R2 and the S1/S2 types were not consistent among 
the three experiments.  In Exp. 1 the yield difference between the R1/R2 and S1/S2 lines was 
significant. The mean yield of the R1/R2 lines was 17.4% less than the S1/S2 lines in Exp. 1, 
2.5% less in Exp. 2, and 0.3% less in Exp. 3. Even though the means were significantly different 
in Exp. 1.  This suggested that it should be possible to develop high yielding lines with both of 
the Rag genes 
When determining the impact of Rag1 and Rag2 genes on the growth of aphid 
populations, the results from Exp. 3 suggested that resistant cultivars will be a useful component 
of soybean aphid management.  Rag1 and Rag2 were successful alone or together at controlling 
aphid populations.  When combined in R1/R2 lines, the aphid population was the lowest.  The 
R1/R2 line when infested only once reached a plateau of 370 aphids per plant, which was below 
the economic injury level. Even after the second infestation, the highest treatment obtained on 
the R1/R2 line was the 675 AP.  
In Exp. 3 the R1/S2 line did not have a significant yield reduction at the 25K treatment, 
while the S1/R2 line did have a significant yield reduction at this treatment.  The capacity for a 
cultivar to yield as well under aphid infested conditions as aphid-free conditions is referred to as 
tolerance. It is not known to what extent or if Rag1 or Rag2 confer tolerance.   
Farmers are recommended to apply a foliar insecticide to aphid-susceptible soybeans 
once their fields reach the economic threshold of 273 ± 38 aphids per plant (Ragsdale et al., 
2007).  This gives the farmer 7 d before the field reaches the economic injury level of 674 ± 95 
aphids per plant.  The recommendation of the economic threshold is based on aphid population 
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growth in nature on aphid-susceptible cultivars, which includes the impact of natural enemies.  In 
Exp. 3, there were no natural enemies in the cages.  With no natural enemies, the soybean aphid 
population increased at a maximum rate of growth.  Based on the current economic threshold and 
economic injury levels, the S1/S2 line reached the economic injury level 5 d after the economic 
threshold was met.  Once both the R1/S2 and S1/R2 lines reached the economic threshold, it took 
8 d to obtain the economic injury level.  On the R1/R2 line, once the economic threshold was 
met, it took 16 d to obtain the economic injury level.  These results indicated that with the use of 
aphid-resistant cultivars, the time between the economic threshold and the economic injury level 
will be longer.   For farmers to apply foliar insecticide at the most opportune time, new 
recommendations will have to be made based on the use of resistant cultivars.    
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Table A1. Mean performance of 280 lines in Exp.1 across three Iowa environments in 2010.  
Entry
a 
Backcross 
family
b 
Class
c Yield Maturityd Height Lodginge Proteinf Oilf 
Seed 
weight 
 
 
g plot
-1 
days cm score g kg-1 g kg-1 mg sd-1 
409001 D1-5 R1/R2 489 32 80 2.2 375 184 161 
409002 D1-5 R1/R2 358 28 71 1.7 364 186 101 
409003 D1-5 R1/R2 420 31 72 1.8 362 189 169 
409004 D1-5 R1/R2 419 28 74 1.7 361 188 172 
409005 D1-5 R1/R2 390 27 65 1.5 360 189 147 
409006 D1-5 R1/R2 371 30 76 2.0 370 183 171 
409007 D1-11 R1/R2 281 33 61 1.8 378 182 182 
409008 D1-11 R1/R2 219 28 65 2.3 367 188 170 
409009 D1-11 R1/R2 346 31 61 1.8 370 187 197 
409010 D1-11 R1/R2 270 31 43 2.0 362 191 179 
409011 D1-11 R1/R2 450 32 69 1.8 376 181 180 
409012 D1-11 R1/R2 319 28 60 1.7 379 187 171 
409013 D1-11 R1/R2 221 32 60 2.2 374 183 194 
409014 D1-11 R1/R2 260 30 50 1.7 371 186 160 
409015 D1-11 R1/R2 390 32 55 2.0 379 183 191 
409016 D2-18 R1/R2 389 30 61 1.8 370 184 170 
409017 D2-18 R1/R2 508 32 72 2.2 371 186 183 
409018 D2-18 R1/R2 464 33 76 2.5 363 189 188 
409019 D2-18 R1/R2 508 32 77 2.0 361 189 186 
409020 D2-18 R1/R2 471 30 69 2.3 359 188 180 
409021 D2-18 R1/R2 367 30 66 1.5 359 191 187 
409022 D2-19 R1/R2 296 35 71 2.0 350 195 199 
409023 D2-19 R1/R2 350 34 69 1.8 352 192 179 
409024 D2-19 R1/R2 415 33 73 2.0 351 193 185 
409025 D2-19 R1/R2 200 38 55 2.2 340 196 184 
409026 D2-19 R1/R2 341 36 69 1.8 351 187 195 
409027 D2-19 R1/R2 322 32 63 1.7 351 196 180 
409028 D2-19 R1/R2 343 32 69 2.0 354 196 204 
409029 D1-19 R1/R2 417 23 65 2.0 371 188 181 
409030 D1-19 R1/R2 403 27 68 1.7 361 193 187 
409031 D1-19 R1/R2 422 28 65 2.0 371 186 191 
409032 D1-19 R1/R2 376 22 69 1.8 358 190 173 
409033 D1-19 R1/R2 336 25 59 2.0 366 189 170 
409034 D1-19 R1/R2 432 21 61 2.2 356 194 172 
409035 D1-19 R1/R2 454 25 67 2.0 367 186 169 
409036 D1-19 R1/R2 474 25 73 2.0 366 188 172 
409037 D1-19 R1/R2 503 28 69 2.0 365 190 174 
409038 D1-19 R1/R2 386 27 65 1.7 376 184 179 
409039 D1-19 R1/R2 454 27 69 2.2 366 188 177 
409040 D1-19 R1/R2 354 28 60 1.7 366 187 187 
409041 D1-19 R1/R2 318 26 57 2.2 362 188 171 
409042 D2-1 R1/R2 475 33 72 2.2 368 183 209 
409043 D2-1 R1/R2 436 34 74 2.3 351 185 170 
409044 D2-1 R1/R2 461 30 67 2.0 359 186 168 
409045 D2-1 R1/R2 510 31 73 2.0 364 187 197 
409046 D2-1 R1/R2 458 32 71 1.7 366 188 203 
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Table A1. Continued 
Entry
a 
Backcross 
family
b 
Class
c Yield Maturityd Height Lodginge Proteinf Oilf 
Seed 
weight 
 
  
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409047 D2-1 R1/R2 513 32 69 2.0 365 184 178 
409048 D2-1 R1/R2 491 34 67 1.8 349 188 173 
409049 D2-1 R1/R2 492 35 74 2.2 355 185 184 
409050 D2-1 R1/R2 571 33 81 2.2 367 185 204 
409051 D2-1  Dropped. Heterozygous for R2.    
409052 D2-1 R1/R2 454 34 73 1.8 367 180 210 
409053 D2-1 R1/R2 499 30 71 2.2 361 189 179 
409054 D2-2 R1/R2 424 31 68 2.0 381 178 183 
409055 D2-2 R1/R2 486 32 71 2.0 370 186 184 
409056 D2-2 R1/R2 486 35 74 2.0 371 182 191 
409057 D2-2 R1/R2 532 34 77 2.2 383 176 189 
409058 D2-2 R1/R2 440 29 70 2.2 378 181 183 
409059 D2-2 R1/R2 420 32 68 1.8 370 187 171 
409060 D2-2 R1/R2 450 32 71 2.2 379 180 180 
409061 D2-2 R1/R2 435 31 63 2.0 371 184 163 
409062 D2-12 R1/R2 477 28 67 1.7 375 187 196 
409063 D2-12 R1/R2 518 30 75 2.0 370 184 159 
409064 D2-12 R1/R2 404 32 67 3.0 364 186 164 
409065 D2-12 R1/R2 490 30 73 1.8 372 184 196 
409066 D2-12  Dropped. Heterozygous for R1.    
409067 D2-12 R1/R2 476 31 69 1.8 368 183 168 
409068 D2-16 R1/R2 396 35 68 2.2 363 190 180 
409069 D2-16 R1/R2 349 34 68 2.3 362 191 177 
409070 D2-16 R1/R2 570 32 76 2.5 363 188 177 
409071 D2-16 R1/R2 330 22 58 1.7 369 190 170 
409072 D2-16 R1/R2 516 35 75 2.3 366 188 165 
409073 D2-16 R1/R2 425 33 73 2.2 366 184 181 
409074 D2-16 R1/R2 476 32 63 2.0 358 192 166 
409075 D2-16 R1/R2 393 32 71 2.0 372 185 168 
409076 D2-16 R1/R2 390 31 66 2.0 360 192 180 
409077 D2-16 R1/R2 498 32 71 1.8 353 192 170 
409078 D2-16 R1/R2 287 30 63 1.8 368 189 178 
409079 D2-16 R1/R2 390 34 75 2.2 372 182 177 
409080 D2-16 R1/R2 361 32 70 2.2 369 186 167 
409081 D2-16 R1/R2 346 38 79 2.3 359 184 182 
409082 D2-16  Dropped. Heterozygous for R1.    
409083 D1-5 R1/S2 489 33 71 1.1 362 184 165 
409084 D1-5 R1/S2 430 31 75 2.0 376 180 184 
409085 D1-5 R1/S2 420 30 73 2.0 371 182 161 
409086 D1-5 R1/S2 560 31 75 2.2 365 184 169 
409087 D1-5 R1/S2 478 31 80 1.8 371 181 175 
409088 D1-5 R1/S2 508 31 81 2.0 361 185 168 
409089 D1-11 R1/S2 284 34 61 2.2 378 180 177 
409090 D1-11 R1/S2 246 31 67 2.0 377 182 173 
409091 D1-11 R1/S2 385 34 76 2.0 378 179 195 
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Table A1. Continued 
Entry
a 
Backcross 
family
b 
Class
c Yield Maturityd Height Lodginge Proteinf Oilf 
Seed 
weight 
 
  
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409092 D1-11 R1/S2 471 33 58 2.3 390 178 191 
409093 D1-11 R1/S2 404 35 74 2.3 370 185 184 
409094 D1-11 R1/S2 262 29 57 2.3 382 181 171 
409095 D1-11 R1/S2 487 33 71 2.3 371 185 178 
409096 D1-11 R1/S2 552 36 76 2.0 372 182 180 
409097 D2-18 R1/S2 507 30 75 2.5 369 185 202 
409098 D2-18 R1/S2 510 34 74 2.2 368 186 202 
409099 D2-18 R1/S2 449 31 80 2.8 367 189 191 
409100 D2-18  Dropped. Heterozygous for R1.    
409101 D2-18 R1/S2 441 35 74 2.2 370 183 201 
409102 D2-19 R1/S2 487 30 69 2.0 342 196 154 
409103 D2-19 R1/S2 398 36 79 2.2 353 191 191 
409104 D2-19 R1/S2 409 34 69 1.8 351 190 175 
409105 D2-19 R1/S2 403 35 75 2.2 349 189 170 
409106 D2-19 R1/S2 384 34 70 2.0 367 183 174 
409107 D2-19 R1/S2 382 35 81 2.3 357 189 183 
409108 D2-19 R1/S2 450 36 81 2.2 347 193 190 
409109 D2-19  Dropped. Heterozygous for R1.    
409110 D1-19 R1/S2 482 30 73 2.0 368 185 185 
409111 D1-19 R1/S2 440 24 71 2.0 367 185 183 
409112 D1-19 R1/S2 500 29 75 2.3 358 187 171 
409113 D1-19 R1/S2 454 27 69 2.0 360 188 165 
409114 D1-19 R1/S2 438 30 72 2.2 374 182 181 
409115 D1-19 R1/S2 409 20 63 2.0 364 190 168 
409116 D1-19 R1/S2 376 24 65 1.8 364 187 168 
409117 D1-19 R1/S2 427 30 65 1.7 355 194 182 
409118 D1-19 R1/S2 513 30 69 2.2 355 188 168 
409119 D1-19 R1/S2 436 28 66 1.8 359 190 180 
409120 D2-1 R1/S2 463 32 73 2.0 359 185 168 
409121 D2-1 R1/S2 459 31 66 2.2 357 185 164 
409122 D2-1 R1/S2 503 32 78 2.0 351 186 155 
409123 D2-1 R1/S2 464 33 73 2.2 364 183 158 
409124 D2-1 R1/S2 470 34 77 2.0 352 184 153 
409125 D2-1 R1/S2 451 30 65 2.3 361 183 170 
409126 D2-2 R1/S2 490 32 77 2.7 374 183 177 
409127 D2-2 R1/S2 570 34 78 2.3 374 183 202 
409128 D2-2 R1/S2 351 35 72 2.5 387 172 177 
409129 D2-2 R1/S2 460 34 69 2.3 379 177 176 
409130 D2-2 R1/S2 508 35 74 2.2 381 175 181 
409131 D2-2 R1/S2 405 35 73 1.8 365 182 180 
409132 D2-2 R1/S2 459 35 79 2.2 379 179 183 
409133 D2-2 R1/S2 479 35 73 2.2 371 177 177 
409134 D2-2 R1/S2 512 35 75 2.2 362 184 190 
409135 D2-12 R1/S2 480 30 74 2.2 361 186 170 
409136 D2-12 R1/S2 372 26 70 2.3 367 186 163 
409137 D2-12 R1/S2 446 31 72 2.2 385 179 169 
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Table A1. Continued 
Entry
a 
Backcross 
family
b 
Class
c Yield Maturityd Height Lodginge Proteinf Oilf 
Seed 
weight 
 
  
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409138 D2-16 R1/S2 392 36 75 1.8 362 182 160 
409139 D2-16 R1/S2 498 33 73 2.0 359 190 154 
409140 D2-16 R1/S2 566 34 85 2.2 359 189 166 
409141 D2-16 R1/S2 326 32 67 1.5 356 190 157 
409142 D2-16 R1/S2 373 36 69 2.2 350 188 145 
409143 D2-16  Dropped. Heterozygous for R2.    
409144 D2-16 R1/S2 424 31 76 2.0 367 186 168 
409145 D2-16 R1/S2 362 35 75 2.0 353 187 172 
409146 D1-5 S1/R2 455 26 73 1.8 362 188 161 
409147 D1-5 S1/R2 430 25 71 1.7 364 188 161 
409148 D1-5 S1/R2 455 29 67 2.0 364 185 168 
409149 D1-5 S1/R2 409 22 69 1.7 366 188 165 
409150 D1-5 S1/R2 377 21 65 1.5 359 191 158 
409151 D1-5 S1/R2 522 25 65 1.8 364 186 159 
409152 D1-5 S1/R2 354 24 64 2.0 370 185 149 
409153 D1-5 S1/R2 203 28 55 1.3 364 186 149 
409154 D1-5 S1/R2 358 23 62 1.3 370 187 162 
409155 D1-5 S1/R2 464 24 72 1.5 369 185 158 
409156 D1-5 S1/R2 439 30 68 1.8 377 181 181 
409157 D1-11 S1/R2 478 26 65 1.7 357 193 175 
409158 D1-11 S1/R2 407 32 66 1.8 372 184 182 
409159 D1-11 S1/R2 361 26 53 1.8 368 192 168 
409160 D1-11 S1/R2 437 25 58 1.5 375 184 167 
409161 D1-11 S1/R2 316 29 52 2.2 365 186 158 
409162 D1-11 S1/R2 418 31 61 1.8 384 181 182 
409163 D1-11 S1/R2 275 27 57 1.8 367 188 164 
409164 D1-11 S1/R2 354 24 59 1.5 368 189 173 
409165 D1-11 S1/R2 397 26 65 1.7 367 188 164 
409166 D1-11 S1/R2 363 28 63 1.8 377 188 178 
409167 D1-11 S1/R2 384 29 65 1.8 373 184 163 
409168 D2-18 S1/R2 463 31 71 2.0 365 188 175 
409169 D2-18 S1/R2 373 23 64 1.8 359 191 169 
409170 D2-18 S1/R2 369 25 68 2.0 363 190 170 
409171 D2-18 S1/R2 525 30 71 2.0 368 187 178 
409172 D2-18 S1/R2 465 30 69 2.2 357 187 168 
409173 D2-19 S1/R2 431 31 74 2.0 354 193 169 
409174 D2-19 S1/R2 463 33 74 2.2 343 199 175 
409175 D1-19 S1/R2 334 19 65 1.8 372 192 185 
409176 D1-19 S1/R2 365 20 65 1.8 367 189 174 
409177 D1-19 S1/R2 377 20 61 1.7 358 195 176 
409178 D1-19 S1/R2 345 23 61 2.9 372 188 179 
409179 D1-19 S1/R2 350 22 55 1.5 363 188 168 
409180 D2-1 S1/R2 497 24 65 2.0 359 188 169 
409181 D2-1 S1/R2 366 27 63 1.8 378 183 174 
409182 D2-1 S1/R2 588 33 72 2.2 365 185 182 
409183 D2-1 S1/R2 470 28 65 2.0 369 185 190 
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a 
Backcross 
family
b 
Class
c Yield Maturityd Height Lodginge Proteinf Oilf 
Seed 
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g plot
-1 
days cm score g kg
-1
 g kg
-1
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409184 D2-1 S1/R2 471 26 65 1.5 362 191 180 
409185 D2-1 S1/R2 439 31 70 2.0 359 188 165 
409186 D2-1 S1/R2 443 24 64 2.0 358 188 165 
409187 D2-1 S1/R2 432 26 65 1.7 373 181 182 
409188 D2-1 S1/R2 450 31 69 1.7 362 188 172 
409189 D2-1 S1/R2 377 28 55 2.0 372 182 187 
409190 D2-1  Dropped. Heterozygous for R1.    
409191 D2-1 S1/R2 400 25 61 1.7 357 188 182 
409192 D2-1 S1/R2 333 27 55 1.7 369 185 180 
409193 D2-1 S1/R2 419 27 68 1.5 372 184 192 
409194 D2-2 S1/R2 444 28 70 2.0 375 185 174 
409195 D2-2 S1/R2 465 25 69 1.8 370 189 174 
409196 D2-2 S1/R2 454 32 69 2.3 383 178 177 
409197 D2-2 S1/R2 391 26 75 1.8 384 181 190 
409198 D2-12 S1/R2 508 31 68 2.0 381 181 183 
409199 D2-12 S1/R2 369 21 63 1.7 370 188 175 
409200 D2-12 S1/R2 352 22 65 1.7 385 179 168 
409201 D2-12 S1/R2 371 22 63 1.8 367 189 162 
409202 D2-12 S1/R2 360 21 59 1.8 357 197 169 
409203 D2-16 S1/R2 490 31 74 2.2 366 189 171 
409204 D2-16 S1/R2 437 24 68 2.2 374 186 178 
409205 D2-16 S1/R2 412 23 69 1.8 368 189 178 
409206 D1-5 S1/S2 527 30 78 2.2 368 181 160 
409207 D1-5  Dropped. Heterozygous for R1 and R2.    
409208 D1-5 S1/S2 391 27 65 1.8 365 181 167 
409209 D1-5 S1/S2 360 26 71 1.7 364 187 165 
409210 D1-5 S1/S2 507 30 86 1.8 370 180 171 
409211 D1-5 S1/S2 457 28 71 1.7 380 177 172 
409212 D1-11 S1/S2 423 32 64 2.2 375 183 181 
409213 D1-11 S1/S2 489 31 65 2.0 370 185 157 
409214 D1-11 S1/S2 438 33 65 2.3 386 179 186 
409215 D1-11 S1/S2 442 32 72 2.3 380 182 202 
409216 D1-11 S1/S2 416 26 62 1.8 369 189 172 
409217 D1-11 S1/S2 434 29 71 2.3 372 186 177 
409218 D1-11 S1/S2 425 25 65 2.0 370 185 168 
409219 D1-11 S1/S2 453 27 73 2.2 375 185 183 
409220 D1-11 S1/S2 361 27 58 2.0 372 185 173 
409221 D1-11  Dropped. Heterozygous for R1.    
409222 D1-11 S1/S2 498 32 63 2.0 370 187 173 
409223 D1-11 S1/S2 444 29 69 2.0 373 185 173 
409224 D1-11 S1/S2 316 27 56 2.7 369 187 174 
409225 D1-11  Dropped. Heterozygous for R1.    
409226 D2-18 S1/S2 466 31 77 2.0 370 184 182 
409201 D2-12 S1/R2 371 22 63 1.8 367 189 162 
409202 D2-12 S1/R2 360 21 59 1.8 357 197 169 
409203 D2-16 S1/R2 490 31 74 2.2 366 189 171 
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409204 D2-16 S1/R2 437 24 68 2.2 374 186 178 
409227 D2-18 S1/S2 477 22 67 1.8 366 192 187 
409228 D2-18 S1/S2 430 26 69 2.0 365 191 193 
409229 D2-18 S1/S2 505 30 70 2.3 378 183 182 
409230 D2-18 S1/S2 466 31 78 2.2 367 185 189 
409231 D2-18 S1/S2 427 31 77 2.3 373 184 198 
409232 D2-18 S1/S2 432 19 71 1.8 375 191 184 
409233 D2-18 S1/S2 430 28 76 2.2 366 185 195 
409234 D2-18 S1/S2 396 29 71 1.7 368 189 181 
409235 D2-18 S1/S2 464 28 63 2.2 360 191 181 
409236 D2-19 S1/S2 364 36 82 2.3 363 186 199 
409237 D2-19 S1/S2 394 35 78 2.2 342 195 174 
409238 D2-19 S1/S2 510 34 78 2.2 365 189 183 
409239 D2-19 S1/S2 471 32 71 2.2 347 198 167 
409240 D2-19 S1/S2 463 33 81 2.0 343 197 179 
409241 D2-19 S1/S2 499 32 75 1.8 358 191 171 
409242 D2-19 S1/S2 350 30 73 1.8 364 187 193 
409243 D2-19 S1/S2 362 33 65 1.7 353 192 175 
409244 D2-19 S1/S2 497 33 76 2.2 351 193 165 
409245 D1-19 S1/S2 488 23 71 2.2 353 192 169 
409246 D1-19 S1/S2 362 22 68 1.7 366 188 167 
409247 D1-19 S1/S2 343 18 63 1.8 361 190 166 
409248 D1-19  Dropped. Heterozygous for R1.    
409249 D1-19 S1/S2 490 24 70 2.3 361 190 171 
409250 D1-19 S1/S2 423 21 66 2.0 366 189 179 
409251 D1-19  Dropped. Heterozygous for R1 and R2.    
409252 D2-1 S1/S2 453 26 65 2.0 361 183 162 
409253 D2-1 S1/S2 377 23 61 2.0 362 182 169 
409254 D2-1 S1/S2 444 28 70 2.2 350 187 155 
409255 D2-2  Dropped. Heterozygous for R1.    
409256 D2-2 S1/S2 509 33 79 2.5 384 179 183 
409257 D2-2 S1/S2 519 34 71 2.3 383 176 185 
409258 D2-2 S1/S2 485 32 74 2.3 378 180 183 
409259 D2-2 S1/S2 530 33 72 2.0 379 177 185 
409260 D2-2 S1/S2 440 32 75 2.3 372 180 178 
409261 D2-2 S1/S2 455 20 65 2.0 370 190 174 
409262 D2-2 S1/S2 441 28 74 2.3 368 185 171 
409263 D2-2 S1/S2 513 29 77 2.0 376 183 173 
409264 D2-2 S1/S2 527 35 80 2.3 369 181 182 
409265 D2-12 S1/S2 509 26 79 2.3 375 183 179 
409266 D2-12 S1/S2 405 27 67 1.8 375 185 175 
409267 D2-12  Dropped. Heterozygous for R2.    
409268 D2-12 S1/S2 418 25 61 2.0 363 189 166 
409269 D2-16 S1/S2 422 25 59 2.2 360 190 154 
409270 D2-16 S1/S2 427 25 77 2.0 362 188 159 
409271 D2-16 S1/S2 478 31 73 2.0 367 187 171 
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409272 D2-16 S1/S2 418 30 76 2.0 359 189 165 
409273 A08-123074 R1/S2 499 33 73 2.2 379 179 190 
409274 IA3027RA1 R1/S2 398 30 73 2.0 394 172 198 
409275 LD05-16521 R1/S2 532 31 79 2.7 351 195 148 
409276 
LD08-
89051a S1/R2 445 28 75 1.8 340 193 142 
409277 IA3027 S1/S2 474 29 79 2.0 392 174 198 
409278 IA2053 S1/S2 532 22 87 2.2 399 172 203 
409279 IA3045 S1/S2 492 32 80 2.2 399 174 205 
409280 IA3046 S1/S2 460 25 71 2.0 389 176 192 
          
SEM   49.5 1.2 3.5 0.2 2.9 1.7 5.1 
LSD 0.05  137.5 3.4 9.8 0.6 8.1 4.8 14.2 
LSD 0.01  181.0 4.5 12.9 0.8 10.7 6.3 18.6 
a
Entries have the prefix A10-. 
b
Backcross family from AX22055. 
c
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
d
Days after 31 August. 
e
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
f
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
 
 
 
 
 
Table A2. Analysis of variance of all lines in Exp.1 across three Iowa environments in 2010.  
  Mean Squares 
Source DF Yield  
 
Maturity
b
  
 
Height 
 
Lodging
c 
 
Protein
d
  
 
Oil
d
  
  
Seed 
weight  
  g plot
-1 days cm score  g kg-1 g kg-1 mg seed-1 
Location (L) 2 710919.4** 362.3** 7570.3** 8.9** 189.6** 386.6** 15416.6** 
Genotype (G) 265 14669.981** 52.7** 138.2** 0.2** 297.8** 68.5** 465.6** 
L x G  530 7349.3 4.5 37.4 0.1 25.7 9.0 78.0 
Total 797        
         
CV (%)  20.0 7.2 8.8 18.8 1.4 1.6 5.0 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table A3. Rank yield performance of 30 R1/R2 and 30 S1/S2 lines grown in Exp.1 at three Iowa 
environments in 2010. 
Entry
a
 Family
b
 Class
c
 Rank Yield Maturity
d
 Height Lodging
e
 Protein
f
 Oil
f
 
Seed 
weight 
 
   
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409206 D1-5 S1/S2 1 527 30 78 2.2 368 181 160 
409264 D2-2 S1/S2 2 527 35 80 2.3 369 181 182 
409263 D2-2 S1/S2 3 513 29 77 2.0 376 183 173 
409238 D2-19 S1/S2 4 510 34 78 2.2 365 189 183 
409256 D2-2 S1/S2 5 509 33 79 2.5 384 179 183 
409019 D2-18 R1/R2 6 508 32 77 2.0 361 189 186 
409210 D1-5 S1/S2 7 507 30 86 1.8 370 180 171 
409229 D2-18 S1/S2 8 505 30 70 2.3 378 183 182 
409244 D2-19 S1/S2 9 497 33 76 2.2 351 193 165 
409249 D1-19 S1/S2 10 490 24 70 2.3 361 190 171 
409213 D1-11 S1/S2 11 489 31 65 2.0 370 185 157 
409055 D2-2 R1/R2 12 486 32 71 2.0 370 186 184 
409056 D2-2 R1/R2 13 486 35 74 2.0 371 182 191 
409258 D2-2 S1/S2 14 485 32 74 2.3 378 180 183 
409271 D2-16 S1/S2 15 478 31 73 2.0 367 187 171 
409020 D2-18 R1/R2 16 471 30 69 2.3 359 188 180 
409230 D2-18 S1/S2 17 466 31 78 2.2 367 185 189 
409226 D2-18 S1/S2 18 466 31 77 2.0 370 184 182 
409240 D2-19 S1/S2 19 463 33 81 2.0 343 197 179 
409211 D1-5 S1/S2 20 457 28 71 1.7 380 177 172 
409060 D2-2 R1/R2 21 450 32 71 2.2 379 180 180 
409011 D1-11 R1/R2 22 450 32 69 1.8 376 181 180 
409223 D1-11 S1/S2 23 444 29 69 2.0 373 185 173 
409215 D1-11 S1/S2 24 442 32 72 2.3 380 182 202 
409260 D2-2 S1/S2 25 440 32 75 2.3 372 180 178 
409058 D2-2 R1/R2 26 440 29 70 2.2 378 181 183 
409214 D1-11 S1/S2 27 438 33 65 2.3 386 179 186 
409217 D1-11 S1/S2 28 434 29 71 2.3 372 186 177 
409034 D1-19 R1/R2 29 432 21 61 2.2 356 194 172 
409231 D2-18 S1/S2 30 427 31 77 2.3 373 184 198 
409250 D1-19 S1/S2 31 423 21 66 2.0 366 189 179 
409212 D1-11 S1/S2 32 423 32 64 2.2 375 183 181 
409059 D2-2 R1/R2 33 420 32 68 1.8 370 187 171 
409004 D1-5 R1/R2 34 419 28 74 1.7 361 188 172 
409029 D1-19 R1/R2 35 417 23 65 2.0 371 188 181 
409024 D2-19 R1/R2 36 415 33 73 2.0 351 193 185 
409237 D2-19 S1/S2 37 394 35 78 2.2 342 195 174 
409208 D1-5 S1/S2 38 391 27 65 1.8 365 181 167 
409005 D1-5 R1/R2 39 390 27 65 1.5 360 189 147 
409016 D2-18 R1/R2 40 389 30 61 1.8 370 184 170 
409032 D1-19 R1/R2 41 376 22 69 1.8 358 190 173 
409006 D1-5 R1/R2 42 371 30 76 2.0 370 183 171 
409021 D2-18 R1/R2 43 367 30 66 1.5 359 191 187 
409236 D2-19 S1/S2 44 364 36 82 2.3 363 186 199 
409246 D1-19 S1/S2 45 362 22 68 1.7 366 188 167 
409220 D1-11 S1/S2 46 361 27 58 2.0 372 185 173 
409002 D1-5 R1/R2 47 358 28 71 1.7 364 186 152 
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Table A3. Continued 
Entry
a
 Family
b
 Class
c
 Rank Yield Maturity
d
 Height Lodging
e
 Protein
f
 Oil
f
 
Seed 
weight 
 
   
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409023 D2-19 R1/R2 48 350 34 69 1.8 352 192 179 
409242 D2-19 S1/S2 49 350 30 73 1.8 364 187 193 
409009 D1-11 R1/R2 50 346 31 61 1.8 370 187 197 
409028 D2-19 R1/R2 51 343 32 69 2.0 354 196 204 
409026 D2-19 R1/R2 52 341 36 69 1.8 351 187 195 
409027 D2-19 R1/R2 53 322 32 63 1.7 351 196 180 
409012 D1-11 R1/R2 54 319 28 60 1.7 379 188 171 
409022 D2-19 R1/R2 55 296 35 71 2.0 350 195 199 
409078 D2-16 R1/R2 56 287 30 63 1.8 368 189 178 
409007 D1-11 R1/R2 57 281 33 61 1.8 378 182 182 
409014 D1-11 R1/R2 58 260 30 50 1.7 371 186 160 
409013 D1-11 R1/R2 59 221 32 60 2.2 374 183 194 
409008 D1-11 R1/R2 60 219 28 65 2.3 367 188 170 
           
SEM    49.1 1.1 3.4 0.2 3.0 1.7 4.8 
LSD 0.05   137.4 3.1 9.6 0.6 8.4 4.7 13.5 
LSD 0.01   181.7 4.2 12.6 0.7 11.1 6.2 17.8 
           
A08-123074 R1/S2  499 33 73 2.2 379 179 190 
IA3027RA1 R1/S2  398 30 73 2.0 394 172 198 
LD05-16521 R1/S2  532 31 79 2.7 351 195 148 
LD08-89051a S1/R2  445 28 75 1.8 340 193 142 
IA3027  S1/S2  474 29 79 2.0 392 174 198 
IA2053  S1/S2  532 22 87 2.2 399 172 203 
IA3045  S1/S2  492 32 80 2.2 399 174 205 
IA3046  S1/S2  460 25 71 2.0 389 176 192 
a
Entries have the prefix A10-. 
b
Backcross family from AX22055. 
c
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
d
Days after 31 August. 
e
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
f
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table A4. Rank yield performance of 23 R1/S2 and 23 S1/S2 lines grown in Exp.1 at three Iowa 
environments in 2010. 
Entry
a
 Family
b
 Class
c
 Rank Yield Maturity
d
 Height Lodging
e
 Protein
f
 Oil
f
 
Seed 
weight 
 
   
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409127 D2-2 R1/S2 1 570 34 78 2.3 374 183 202 
409086 D1-5 R1/S2 2 560 31 75 2.2 365 184 169 
409259 D2-2 S1/S2 3 530 33 72 2.0 379 177 185 
409206 D1-5 S1/S2 4 527 30 78 2.2 368 181 160 
409264 D2-2 S1/S2 5 527 35 80 2.3 369 181 182 
409257 D2-2 S1/S2 6 519 34 71 2.3 383 176 185 
409238 D2-19 S1/S2 7 510 34 78 2.2 365 189 183 
409265 D2-12 S1/S2 8 509 26 79 2.3 375 183 179 
409210 D1-5 S1/S2 9 507 30 86 1.8 370 180 171 
409097 D2-18 R1/S2 10 507 30 75 2.5 369 185 202 
409229 D2-18 S1/S2 11 505 30 70 2.3 378 183 182 
409222 D1-11 S1/S2 12 498 32 63 2.0 370 187 173 
409244 D2-19 S1/S2 13 497 33 76 2.2 351 193 165 
409126 D2-2 R1/S2 14 490 32 77 2.7 374 183 177 
409249 D1-19 S1/S2 15 490 24 70 2.3 361 190 171 
409213 D1-11 S1/S2 16 489 31 65 2.0 370 185 157 
409102 D2-19 R1/S2 17 487 30 69 2.0 342 196 154 
409095 D1-11 R1/S2 18 487 33 71 2.3 371 185 178 
409258 D2-2 S1/S2 19 485 32 74 2.3 378 180 183 
409271 D2-16 S1/S2 20 478 31 73 2.0 367 187 171 
409092 D1-11 R1/S2 21 471 33 58 2.3 390 178 191 
409226 D2-18 S1/S2 22 466 31 77 2.0 370 184 182 
409240 D2-19 S1/S2 23 463 33 81 2.0 343 197 179 
409129 D2-2 R1/S2 24 460 34 69 2.3 379 177 176 
409108 D2-19 R1/S2 25 450 36 81 2.2 347 193 190 
409099 D2-18 R1/S2 26 449 31 80 2.8 367 189 191 
409215 D1-11 S1/S2 27 442 32 72 2.3 380 182 202 
409214 D1-11 S1/S2 28 438 33 65 2.3 386 179 186 
409144 D2-16 R1/S2 29 424 31 76 2.0 367 186 168 
409250 D1-19 S1/S2 30 423 21 66 2.0 366 189 179 
409212 D1-11 S1/S2 31 423 32 64 2.2 375 183 181 
409085 D1-5 R1/S2 32 420 30 73 2.0 371 182 161 
409115 D1-19 R1/S2 33 409 20 63 2.0 364 190 168 
409104 D2-19 R1/S2 34 409 34 69 1.8 351 190 175 
409105 D2-19 R1/S2 35 403 35 75 2.2 349 189 170 
409237 D2-19 S1/S2 36 394 35 78 2.2 342 195 174 
409106 D2-19 R1/S2 37 384 34 70 2.0 367 183 174 
409107 D2-19 R1/S2 38 382 35 81 2.3 357 189 183 
409116 D1-19 R1/S2 39 376 24 65 1.8 364 187 168 
409136 D2-12 R1/S2 40 372 26 70 2.3 367 186 163 
409236 D2-19 S1/S2 41 364 36 82 2.3 363 186 199 
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Table A4. Continued 
Entry
a
 Family
b
 Class
c
 Rank Yield Maturity
d
 Height Lodging
e
 Protein
f
 Oil
f
 
Seed 
weight 
 
   
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409128 D2-2 R1/S2 42 351 35 72 2.5 387 172 177 
409242 D2-19 S1/S2 43 350 30 73 1.8 364 187 193 
409089 D1-11 R1/S2 44 284 34 61 2.2 378 180 177 
409094 D1-11 R1/S2 45 262 29 57 2.3 382 181 171 
409090 D1-11 R1/S2 46 246 31 67 2.0 377 182 173 
           
SEM    57.4 1.2 3.8 0.2 2.7 1.9 5.4 
LSD 0.05   161.2 3.5 10.8 0.5 7.6 5.2 15.1 
LSD 0.01   213.6 4.6 14.3 0.7 10.0 7.0 20.0 
           
A08-123074 R1/S2  499 33 73 2.2 379 179 190 
IA3027RA1 R1/S2  398 30 73 2.0 394 172 198 
LD05-16521 R1/S2  532 31 79 2.7 351 195 148 
LD08-89051a S1/R2  445 28 75 1.8 340 193 142 
IA3027  S1/S2  474 29 79 2.0 392 174 198 
IA2053  S1/S2  532 22 87 2.2 399 172 203 
IA3045  S1/S2  492 32 80 2.2 399 174 205 
IA3046  S1/S2  460 25 71 2.0 389 176 192 
a
Entries have the prefix A10-. 
b
Backcross family from AX22055. 
c
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
d
Days after 31 August. 
e
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
f
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table A5. Rank yield performance of 23 S1/R2 and 23 S1/S2 lines grown in Exp.1 at three Iowa 
environments in 2010. 
Entry
a
 Family
b
 Class
c
 Rank Yield Maturity
d
 Height Lodging
e
 Protein
f
 Oil
f
 
Seed 
weight 
 
   
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409206 D1-5 S1/S2 1 527 30 78 2.2 368 181 160 
409171 D2-18 S1/R2 2 525 30 71 2.0 368 187 178 
409210 D1-5 S1/S2 3 507 30 86 1.8 370 180 171 
409229 D2-18 S1/S2 4 505 30 70 2.3 378 183 182 
409222 D1-11 S1/S2 5 498 32 63 2.0 370 187 173 
409244 D2-19 S1/S2 6 497 33 76 2.2 351 193 165 
409203 D2-16 S1/R2 7 490 31 74 2.2 366 189 171 
409213 D1-11 S1/S2 8 489 31 65 2.0 370 185 157 
409245 D1-19 S1/S2 9 488 23 71 2.2 353 192 169 
409258 D2-1 S1/S2 10 485 32 74 2.3 378 180 183 
409271 D2-16 S1/S2 11 478 31 73 2.0 367 187 171 
409227 D2-18 S1/S2 12 477 22 67 1.8 366 192 187 
409183 D2-1 S1/R2 13 470 28 65 2.0 369 185 190 
409230 D2-18 S1/S2 14 466 31 78 2.2 367 185 189 
409226 D2-18 S1/S2 15 466 31 77 2.0 370 184 182 
409172 D2-18 S1/R2 16 465 30 69 2.2 357 187 168 
409174 D2-19 S1/R2 17 463 33 74 2.2 343 199 175 
409168 D2-18 S1/R2 18 463 31 71 2.0 365 188 175 
409211 D1-5 S1/S2 19 457 28 71 1.7 380 177 172 
409146 D1-5 S1/R2 20 455 26 73 1.8 362 188 161 
409148 D1-5 S1/R2 21 455 29 67 2.0 364 185 168 
409196 D2-2 S1/R2 22 454 32 69 2.3 383 178 177 
409252 D2-1 S1/S2 23 453 26 65 2.0 361 183 162 
409223 D1-11 S1/S2 24 444 29 69 2.0 373 185 173 
409254 D2-1 S1/S2 25 444 28 70 2.2 350 187 155 
409194 D2-1 S1/R2 26 444 28 70 2.0 375 185 174 
409262 D2-2 S1/S2 27 441 28 74 2.3 368 185 171 
409156 D1-5 S1/R2 28 439 30 68 1.8 377 181 181 
409204 D2-16 S1/R2 29 437 24 68 2.2 374 186 178 
409217 D1-11 S1/S2 30 434 29 71 2.3 372 186 177 
409173 D2-19 S1/R2 31 431 31 74 2.0 354 193 169 
409228 D2-18 S1/S2 32 430 26 69 2.0 365 191 193 
409269 D2-16 S1/S2 33 422 25 59 2.2 360 190 154 
409162 D1-11 S1/R2 34 418 31 61 1.8 384 181 182 
409158 D1-11 S1/R2 35 407 32 66 1.8 372 184 182 
409191 D2-1 S1/R2 36 400 25 61 1.7 357 188 182 
409167 D1-11 S1/R2 37 384 29 65 1.8 373 184 163 
409169 D2-18 S1/R2 38 373 23 64 1.8 359 191 169 
409170 D2-18 S1/R2 39 369 25 68 2.0 363 190 170 
409246 D1-19 S1/S2 40 362 22 68 1.7 366 188 167 
409209 D1-5 S1/S2 41 360 26 71 1.7 364 187 165 
 
 
 
 
 
 
63 
 
Table A5. Continued 
Entry
a
 Family
b
 Class
c
 Rank Yield Maturity
d
 Height Lodging
e
 Protein
f
 Oil
f
 
Seed 
weight 
 
   
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409179 D1-19 S1/R2 42 350 22 55 1.5 363 188 168 
409242 D2-19 S1/S2 43 350 30 73 1.8 364 187 193 
409178 D1-19 S1/R2 44 345 23 61 1.7 372 188 179 
409161 D1-11 S1/R2 45 316 29 52 2.2 365 186 158 
409153 D1-5 S1/R2 46 203 28 55 1.3 364 186 149 
           
SEM    43.9 1.4 3.3 0.2 2.9 1.7 5.5 
LSD    123.4 3.8 9.3 0.5 8.1 4.7 15.5 
LSD    163.5 5.0 12.3 0.7 10.7 6.3 20.5 
           
A08-123074 R1/S2  499 33 73 2.2 379 179 190 
IA3027RA1 R1/S2  398 30 73 2 394 172 198 
LD05-16521 R1/S2  532 31 79 2.7 351 195 148 
LD08-89051a S1/R2  445 28 75 1.8 340 193 142 
IA3027  S1/S2  474 29 79 2 392 174 198 
IA2053  S1/S2  532 22 87 2.2 399 172 203 
IA3045  S1/S2  492 32 80 2.2 399 174 205 
IA3046  S1/S2  460 25 71 2 389 176 192 
a
Entries have the prefix A10-. 
b
Backcross family from AX22055. 
c
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
d
Days after 31 August. 
e
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
f
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table A6. Analysis of variance for R1/R2 and S1/S2 lines in Exp.1 across three Iowa environments in 
2010.  
  Mean Squares 
Source DF Yield 
 
Maturity
b 
 
Height 
 
Lodging
c 
 
Protein
d 
 
Oil
 d 
 
Seed 
weight 
  g plot
-1 days cm score g kg-1 g kg-1 mg seed-1 
Location (L) 2 178399.8** 44.2** 1612.0** 2.2** 72.9ns 107.1** 4076.4** 
Genotype (G) 59 17449.2** 37.7** 138.5** 0.2* 292.5** 68.6** 416.2** 
  R1/R2 29 17760.3** 38.6** 101.6** 0.1ns 262.8** 60.7** 488.8** 
  S1/S2 29 8200.4nsa
 
38.0** 122.3** 0.1ns 308.3** 66.8** 356.8** 
  R1/R2           
vs. S1/S2 
1 276640.0** 0.5ns 1680.6** 2.1** 696.2** 347.2** 31.7ns 
L x G 118 7225.5 3.8 35.0 0.1 27.2 8.5 69.3 
  L x R1/R2 58 7591.3 3.2 39.6 0.1 26.6 6.0 81.8 
  L x S1/S2 58 7059.3 4.3 30.4 0.1 18.4 8.4 55.3 
  L x R1/R2     
vs. S1/S2 
2 1437.1 8.1 32.8 0.4 298.7 84.3 108.7 
CV (%)  20.1 6.4 8.4 17.4 1.4 1.6 4.7 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
 
 
Table A7. Analysis of variance for R1/S2 x S1/S2 lines in Exp.1 across three Iowa environments in 2010.  
  Mean Squares 
Source DF Yield 
 
Maturity
b 
 
Height 
 
Lodging
c 
 
Protein
 d 
 
Oil
 d 
 
Seed 
weight 
  g plot
-1 days cm score g kg-1 g kg-1 mg seed-1 
Location (L) 2 115024.1** 25.1** 1820.0** 3.3** 88.9* 87.9** 2803.1** 
Genotype (G) 45 16278.2* 38.9** 133.4** 0.1ns 413.3** 86.5** 400.0** 
  R1/S2 22 21201.6* 41.7** 142.3** 0.2ns 456.6** 86.7** 448.9** 
  S1/S2 22 7990.0nsa
 
37.9** 119.8** 0.1ns 388.1** 90.0** 357.3** 
  R1/S2         
vs. S1/S2 
1 90304.1** 0.7ns 234.8* 0.2ns 14.0ns 3.2ns 264.2ns 
L x G 90 9878.8 4.5 44.1 0.1 21.8 10.5 86.7 
  L x R1/S2 44 10330.4 4.4 56.3 0.1 24.1 12.5 97.0 
  L x S1/S2 44 9589.2 4.7 32.5 0.1 16.3 7.6 72.1 
  L x R1/S2     
vs. S1/S2 
2 6315.0 5.2 32.4 0.1 90.3 29.3 184.2 
CV (%)  22.3 6.8 9.2 15.3 1.3 1.8 5.2 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table A8. Analysis of variance for S1/R2 x S1/S2 lines in Exp.1 across three Iowa environments in 2010.  
  Mean Squares 
Source DF Yield 
 
Maturity
b 
 
Height 
 
Lodging
c 
 
Protein
d 
 
Oil
 d 
 
Seed 
weight 
  g plot
-1 days cm score g kg-1 g kg-1 mg seed-1 
Location (L) 2 110083.7** 43.1** 1158.4** 1.3** 10.5ns 29.8* 3251.7** 
Genotype (G) 45 11477.4** 30.6** 125.1** 0.2ns 217.5** 51.1** 323.2** 
  S1/R2 22 14150.1** 31.6** 114.6** 0.2ns 260.5** 54.6** 251.1** 
  S1/S2 22 6799.3nsa
 
31.0** 101.0** 0.1ns 184.4** 48.7** 410.0** 
  S1/R2        
vs. S1/S2 
1 55597.5** 0.03ns 887.7** 0.4* 0.1ns 27.0ns 1.4ns 
L x G 90 5788.2 5.5 32.9 0.1 24.7 8.6 91.3 
  L x S1/R2 44 5226.3 4.4 28.7 0.1 21.1 6.4 84.8 
  L x S1/S2 44 6120.3 6.2 36.4 0.1 25.3 10.1 99.0 
  L x S1/R2     
vs. S1/S2 
2 10840.0 14.1 50.9 0.1 88.5 21.5 62.2 
CV (%)  17.5 8.3 8.4 15.5 1.4 1.6 5.5 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table A9. Yield performance and maturity of 266 lines in Exp.1 across three Iowa environments in 2010. 
   Ames  Burkey C1  Burkey F2 
Entry
a 
Backcross 
family
b 
Class
c Yield Maturityd  Yield Maturityd  Yield Maturityd 
 
  
g plot
-1 
days  g plot-1
 
days  g plot-1
 
days 
409001 D1-5 R1/R2 563 36  336 30  568 31 
409002 D1-5 R1/R2 353 29  191 29  529 26 
409003 D1-5 R1/R2 350 32  398 31  512 31 
409004 D1-5 R1/R2 441 32  326 25  489 28 
409005 D1-5 R1/R2 377 29  447 28  345 25 
409006 D1-5 R1/R2 265 31  324 31  525 28 
409007 D1-11 R1/R2 185 36  249 32  409 32 
409008 D1-11 R1/R2 172 28  254 32  231 24 
409009 D1-11 R1/R2 345 32  235 29  460 32 
409010 D1-11 R1/R2 342 31  236 31  231 32 
409011 D1-11 R1/R2 599 33  341 31  410 32 
409012 D1-11 R1/R2 237 31  379 31  340 23 
409013 D1-11 R1/R2 235 32  179 33  250 31 
409014 D1-11 R1/R2 403 32  120 30  256 28 
409015 D1-11 R1/R2 412 33  243 30  515 32 
409016 D2-18 R1/R2 454 32  278 28  436 30 
409017 D2-18 R1/R2 638 33  303 32  584 32 
409018 D2-18 R1/R2 464 32  488 33  439 33 
409019 D2-18 R1/R2 651 33  342 31  531 32 
409020 D2-18 R1/R2 420 32  465 30  529 29 
409021 D2-18 R1/R2 272 32  375 32  455 27 
409022 D2-19 R1/R2 218 36  327 35  342 33 
409023 D2-19 R1/R2 253 34  311 36  488 33 
409024 D2-19 R1/R2 373 33  400 33  471 33 
409025 D2-19 R1/R2 89 38  168 37  343 38 
409026 D2-19 R1/R2 326 37  133 35  565 36 
409027 D2-19 R1/R2 437 32  184 32  344 32 
409028 D2-19 R1/R2 250 32  349 33  431 32 
409029 D1-19 R1/R2 464 24  381 23  405 22 
409030 D1-19 R1/R2 388 30  243 28  579 23 
409031 D1-19 R1/R2 434 30  361 32  470 22 
409032 D1-19 R1/R2 372 25  420 23  337 19 
409033 D1-19 R1/R2 358 29  317 26  334 20 
409034 D1-19 R1/R2 459 21  346 21  491 20 
409035 D1-19 R1/R2 452 26  430 28  482 22 
409036 D1-19 R1/R2 521 26  358 26  542 24 
409037 D1-19 R1/R2 616 28  430 29  463 26 
409038 D1-19 R1/R2 349 28  324 28  483 24 
409039 D1-19 R1/R2 417 28  356 26  587 26 
409040 D1-19 R1/R2 284 28  442 29  337 26 
409041 D1-19 R1/R2 272 30  274 23  409 25 
409042 D2-1 R1/R2 460 33  437 32  528 33 
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   Ames  Burkey C1  Burkey F2 
Entry
a 
Backcross 
family
b 
Class
c Yield Maturityd  Yield Maturityd  Yield Maturityd 
 
  
g plot
-1 
days  g plot-1
 
days  g plot-1
 
days 
409043 D2-1 R1/R2 452 35  345 32  512 36 
409044 D2-1 R1/R2 480 31  295 30  608 29 
409045 D2-1 R1/R2 616 33  392 29  524 31 
409046 D2-1 R1/R2 416 33  476 31  481 32 
409047 D2-1 R1/R2 460 31  382 33  699 32 
409048 D2-1 R1/R2 420 33  420 33  633 35 
409049 D2-1 R1/R2 595 36  518 33  364 35 
409050 D2-1 R1/R2 566 35  500 32  648 32 
409052 D2-1 R1/R2 452 37  369 32  540 33 
409053 D2-1 R1/R2 559 32  409 31  530 28 
409054 D2-2 R1/R2 343 31  412 32  516 29 
409055 D2-2 R1/R2 520 32  493 33  444 32 
409056 D2-2 R1/R2 403 36  468 37  586 33 
409057 D2-2 R1/R2 494 33  475 36  628 33 
409058 D2-2 R1/R2 490 32  346 25  483 30 
409059 D2-2 R1/R2 383 33  385 32  492 31 
409060 D2-2 R1/R2 464 34  421 33  464 28 
409061 D2-2 R1/R2 462 32  303 30  540 32 
409062 D2-12 R1/R2 475 30  469 28  487 25 
409063 D2-12 R1/R2 625 30  372 30  558 30 
409064 D2-12 R1/R2 512 31  368 33  332 31 
409065 D2-12 R1/R2 561 31  503 29  406 30 
409067 D2-12 R1/R2 531 35  364 28  534 30 
409068 D2-16 R1/R2 371 35  302 33  514 36 
409069 D2-16 R1/R2 134 32  470 34  445 35 
409070 D2-16 R1/R2 593 32  539 33  580 30 
409071 D2-16 R1/R2 278 24  334 22  380 21 
409072 D2-16 R1/R2 414 35  475 33  659 36 
409073 D2-16 R1/R2 458 33  308 32  509 33 
409074 D2-16 R1/R2 461 33  462 33  505 31 
409075 D2-16 R1/R2 444 33  390 30  346 32 
409076 D2-16 R1/R2 426 32  277 30  467 32 
409077 D2-16 R1/R2 614 34  260 31  619 31 
409078 D2-16 R1/R2 231 30  228 30  402 31 
409079 D2-16 R1/R2 290 35  390 34  491 34 
409080 D2-16 R1/R2 324 33  333 31  426 33 
409081 D2-16 R1/R2 319 38  317 39  402 38 
409083 D1-5 R1/S2 544 35  294 32  628 33 
409084 D1-5 R1/S2 447 30  394 33  450 31 
409085 D1-5 R1/S2 438 31  314 30  508 29 
409086 D1-5 R1/S2 698 32  459 31  525 30 
409087 D1-5 R1/S2 514 33  375 31  545 30 
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   Ames  Burkey C1  Burkey F2 
Entry
a 
Backcross 
family
b 
Class
c Yield Maturityd  Yield Maturityd  Yield Maturityd 
 
  
g plot
-1 
days  g plot-1
 
days  g plot-1
 
days 
409088 D1-5 R1/S2 443 32  495 31  585 31 
409089 D1-11 R1/S2 239 36  447 34  166 31 
409090 D1-11 R1/S2 218 32  275 31  246 29 
409091 D1-11 R1/S2 353 33  381 36  420 34 
409092 D1-11 R1/S2 496 33  349 33  568 33 
409093 D1-11 R1/S2 332 34  499 35  381 35 
409094 D1-11 R1/S2 166 28  200 29  422 31 
409095 D1-11 R1/S2 483 33  498 34  480 32 
409096 D1-11 R1/S2 508 38  543 36  604 35 
409097 D2-18 R1/S2 455 31  403 31  661 28 
409098 D2-18 R1/S2 624 36  327 32  578 35 
409099 D2-18 R1/S2 376 31  534 31  437 30 
409101 D2-18 R1/S2 543 36  257 36  523 32 
409102 D2-19 R1/S2 491 31  469 30  502 30 
409103 D2-19 R1/S2 426 37  396 36  373 35 
409104 D2-19 R1/S2 501 34  254 33  471 36 
409105 D2-19 R1/S2 315 34  484 36  409 34 
409106 D2-19 R1/S2 377 35  490 33  286 33 
409107 D2-19 R1/S2 293 34  416 36  437 35 
409108 D2-19 R1/S2 589 37  394 36  368 34 
409110 D1-19 R1/S2 393 31  504 28  548 32 
409111 D1-19 R1/S2 462 28  447 29  411 16 
409112 D1-19 R1/S2 519 31  406 28  576 28 
409113 D1-19 R1/S2 499 28  339 29  526 23 
409114 D1-19 R1/S2 419 32  379 28  515 29 
409115 D1-19 R1/S2 455 21  330 25  443 15 
409116 D1-19 R1/S2 347 29  335 22  445 21 
409117 D1-19 R1/S2 551 32  270 29  460 29 
409118 D1-19 R1/S2 492 31  491 30  556 30 
409119 D1-19 R1/S2 569 33  292 26  448 26 
409120 D2-1 R1/S2 369 31  471 33  549 33 
409121 D2-1 R1/S2 545 32  342 30  492 31 
409122 D2-1 R1/S2 512 32  400 32  597 33 
409123 D2-1 R1/S2 442 33  413 33  536 33 
409124 D2-1 R1/S2 509 35  431 33  470 33 
409125 D2-1 R1/S2 620 32  422 31  311 27 
409126 D2-2 R1/S2 583 34  283 31  604 32 
409127 D2-2 R1/S2 666 34  460 33  584 34 
409128 D2-2 R1/S2 270 34  392 37  392 35 
409129 D2-2 R1/S2 551 36  311 32  519 33 
409130 D2-2 R1/S2 451 33  506 36  567 37 
409131 D2-2 R1/S2 353 35  374 38  489 33 
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Backcross 
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b 
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g plot
-1 
days  g plot-1
 
days  g plot-1
 
days 
409132 D2-2 R1/S2 435 36  416 33  524 35 
409133 D2-2 R1/S2 590 36  349 37  497 33 
409134 D2-2 R1/S2 622 37  434 36  479 33 
409135 D2-12 R1/S2 515 31  425 30  498 30 
409136 D2-12 R1/S2 491 33  222 26  405 20 
409137 D2-12 R1/S2 439 33  436 30  464 31 
409138 D2-16 R1/S2 317 37  382 37  476 35 
409139 D2-16 R1/S2 525 33  246 34  724 31 
409140 D2-16 R1/S2 624 35  534 33  540 34 
409141 D2-16 R1/S2 234 32  261 31  482 33 
409142 D2-16 R1/S2 406 34  257 37  457 36 
409144 D2-16 R1/S2 372 32  370 31  531 31 
409145 D2-16 R1/S2 286 36  314 36  485 34 
409146 D1-5 S1/R2 435 28  408 25  523 24 
409147 D1-5 S1/R2 441 30  353 22  496 22 
409148 D1-5 S1/R2 455 32  419 29  490 25 
409149 D1-5 S1/R2 550 23  219 20  459 23 
409150 D1-5 S1/R2 377 22  355 23  399 17 
409151 D1-5 S1/R2 618 29  458 25  491 21 
409152 D1-5 S1/R2 363 28  282 25  415 18 
409153 D1-5 S1/R2 267 28  198 29  145 28 
409154 D1-5 S1/R2 498 28  178 21  398 21 
409155 D1-5 S1/R2 544 28  440 22  410 21 
409156 D1-5 S1/R2 452 35  376 28  490 28 
409157 D1-11 S1/R2 474 28  401 26  560 24 
409158 D1-11 S1/R2 364 32  376 31  483 32 
409159 D1-11 S1/R2 395 28  415 28  274 22 
409160 D1-11 S1/R2 354 31  418 23  539 20 
409161 D1-11 S1/R2 279 30  362 31  307 27 
409162 D1-11 S1/R2 487 32  247 28  521 32 
409163 D1-11 S1/R2 345 30  199 25  280 25 
409164 D1-11 S1/R2 292 26  354 28  416 18 
409165 D1-11 S1/R2 324 31  344 26  523 22 
409166 D1-11 S1/R2 381 29  262 26  446 28 
409167 D1-11 S1/R2 367 32  393 30  394 26 
409168 D2-18 S1/R2 461 30  387 31  542 33 
409169 D2-18 S1/R2 485 26  273 23  360 21 
409170 D2-18 S1/R2 270 26  347 29  490 21 
409171 D2-18 S1/R2 485 33  528 28  563 30 
409172 D2-18 S1/R2 455 31  458 32  482 28 
409173 D2-19 S1/R2 422 31  421 32  449 29 
409174 D2-19 S1/R2 377 34  472 31  542 35 
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g plot
-1 
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days  g plot-1
 
days 
409175 D1-19 S1/R2 429 22  294 21  279 14 
409176 D1-19 S1/R2 393 22  412 22  290 15 
409177 D1-19 S1/R2 361 19  264 22  507 18 
409178 D1-19 S1/R2 350 25  314 25  371 18 
409179 D1-19 S1/R2 204 24  342 21  504 21 
409180 D2-1 S1/R2 486 22  468 28  539 22 
409181 D2-1 S1/R2 450 32  229 26  419 22 
409182 D2-1 S1/R2 657 34  430 32  678 33 
409183 D2-1 S1/R2 601 31  372 29  437 23 
409184 D2-1 S1/R2 517 29  396 28  498 22 
409185 D2-1 S1/R2 486 32  272 30  558 31 
409186 D2-1 S1/R2 321 28  500 22  507 22 
409187 D2-1 S1/R2 397 28  272 26  626 25 
409188 D2-1 S1/R2 422 32  547 32  381 30 
409189 D2-1 S1/R2 477 31  231 26  422 26 
409191 D2-1 S1/R2 403 25  444 28  354 22 
409192 D2-1 S1/R2 303 25  232 28  464 28 
409193 D2-1 S1/R2 424 26  391 28  441 28 
409194 D2-2 S1/R2 450 28  403 28  479 28 
409195 D2-2 S1/R2 546 29  485 24  364 22 
409196 D2-2 S1/R2 458 32  348 33  555 31 
409197 D2-2 S1/R2 324 25  403 29  446 25 
409198 D2-12 S1/R2 524 33  483 31  518 29 
409199 D2-12 S1/R2 393 19  335 21  379 22 
409200 D2-12 S1/R2 369 22  264 22  422 21 
409201 D2-12 S1/R2 285 22  431 23  396 20 
409202 D2-12 S1/R2 467 23  230 21  383 19 
409203 D2-16 S1/R2 525 32  321 30  624 31 
409204 D2-16 S1/R2 476 25  358 26  477 22 
409205 D2-16 S1/R2 451 23  308 25  479 21 
409206 D1-5 S1/S2 621 33  388 26  573 30 
409208 D1-5 S1/S2 447 28  330 28  397 25 
409209 D1-5 S1/S2 375 29  401 28  304 21 
409210 D1-5 S1/S2 571 31  453 29  496 29 
409211 D1-5 S1/S2 467 31  422 23  481 29 
409212 D1-11 S1/S2 383 35  262 31  623 31 
409213 D1-11 S1/S2 556 30  495 33  417 31 
409214 D1-11 S1/S2 502 33  396 36  415 31 
409215 D1-11 S1/S2 397 31  349 33  579 33 
409216 D1-11 S1/S2 510 29  378 25  362 25 
409217 D1-11 S1/S2 416 29  344 29  541 28 
409218 D1-11 S1/S2 552 24  342 25  381 26 
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409219 D1-11 S1/S2 497 28  350 30  512 24 
409220 D1-11 S1/S2 346 28  213 28  523 26 
409222 D1-11 S1/S2 614 33  264 30  617 32 
409223 D1-11 S1/S2 489 32  354 28  490 28 
409224 D1-11 S1/S2 258 26  325 30  363 25 
409226 D2-18 S1/S2 565 35  399 29  432 29 
409227 D2-18 S1/S2 421 23  371 22  640 22 
409228 D2-18 S1/S2 395 22  448 25  448 31 
409229 D2-18 S1/S2 610 30  460 30  445 30 
409230 D2-18 S1/S2 495 32  391 33  513 29 
409231 D2-18 S1/S2 337 31  429 33  517 30 
409232 D2-18 S1/S2 368 22  450 19  478 17 
409233 D2-18 S1/S2 471 32  428 28  391 25 
409234 D2-18 S1/S2 387 31  482 30  320 26 
409235 D2-18 S1/S2 561 30  420 26  412 29 
409236 D2-19 S1/S2 177 33  402 37  512 37 
409237 D2-19 S1/S2 241 36  393 36  549 33 
409238 D2-19 S1/S2 561 34  480 35  488 34 
409239 D2-19 S1/S2 345 33  429 32  640 32 
409240 D2-19 S1/S2 413 33  399 35  578 32 
409241 D2-19 S1/S2 528 33  477 32  491 32 
409242 D2-19 S1/S2 276 26  307 32  466 33 
409243 D2-19 S1/S2 346 30  465 35  274 33 
409244 D2-19 S1/S2 595 33  324 33  572 33 
409245 D1-19 S1/S2 483 22  409 23  571 23 
409246 D1-19 S1/S2 361 22  270 23  455 22 
409247 D1-19 S1/S2 354 18  247 20  429 15 
409249 D1-19 S1/S2 502 28  430 21  537 22 
409250 D1-19 S1/S2 377 19  428 22  463 22 
409252 D2-1 S1/S2 504 29  386 25  469 23 
409253 D2-1 S1/S2 399 28  307 22  425 18 
409254 D2-1 S1/S2 454 29  429 26  449 28 
409256 D2-2 S1/S2 411 32  522 33  593 33 
409257 D2-2 S1/S2 599 32  447 37  510 32 
409258 D2-2 S1/S2 581 33  349 31  526 33 
409259 D2-2 S1/S2 494 33  379 33  716 32 
409260 D2-2 S1/S2 494 31  346 32  480 32 
409261 D2-2 S1/S2 457 21  467 22  442 17 
409262 D2-2 S1/S2 511 28  308 30  506 26 
409263 D2-2 S1/S2 525 29  455 31  559 28 
409264 D2-2 S1/S2 515 34  548 37  517 35 
409265 D2-12 S1/S2 529 28  403 25  595 26 
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409266 D2-12 S1/S2 551 32  184 26  481 22 
409268 D2-12 S1/S2 540 28  244 24  468 22 
409269 D2-16 S1/S2 381 22  461 25  423 27 
409270 D2-16 S1/S2 440 28  424 23  418 25 
409271 D2-16 S1/S2 508 33  515 31  412 28 
409272 D2-16 S1/S2 237 31  552 31  465 29 
409273 A08-123074 538 36  450 31  510 33 
409274 IA3027RA1 463 32  311 28  419 30 
409275 LD05-16521 509 33  483 31  604 28 
409276 LD08-89051a 354 31  392 29  588 25 
409277 IA3027  457 31  409 26  556 29 
409278 IA2053  595 27  460 22  542 18 
409279 IA3045  585 33  420 31  470 31 
409280 IA3046  568 25  343 29  469 21 
a
Entries have the prefix A10-. 
b
Backcross family from AX22055. 
c
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
d
Days after 31 August. 
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Table B1. Mean performance of 39 lines in Exp.1 across three Iowa environments in 2010 used in the 
bulk for Exp.2 at the Curtis Farm near Ames, Iowa, in 2010. 
Entry
a 
Backcross 
family
b 
Class
c Yield Maturityd Height Lodginge Proteinf Oilf 
Seed 
weight 
 
  
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409008 D1-11 R1/R2 219 28 65 2.3 367 188 170 
409009 D1-11 R1/R2 346 31 61 1.8 370 187 197 
409010 D1-11 R1/R2 270 31 43 2.0 362 191 179 
409011 D1-11 R1/R2 450 32 69 1.8 376 181 180 
409012 D1-11 R1/R2 319 28 60 1.7 379 187 171 
409013 D1-11 R1/R2 221 32 60 2.2 374 183 194 
409014 D1-11 R1/R2 260 30 50 1.7 371 186 160 
409015 D1-11 R1/R2 390 32 55 2.0 379 183 191 
409089 D1-11 R1/S2 284 34 61 2.2 378 180 177 
409090 D1-11 R1/S2 246 31 67 2.0 377 182 173 
409091 D1-11 R1/S2 385 34 76 2.0 378 179 195 
409092 D1-11 R1/S2 471 33 58 2.3 390 178 191 
409093 D1-11 R1/S2 404 35 74 2.3 370 185 184 
409094 D1-11 R1/S2 262 29 57 2.3 382 181 171 
409095 D1-11 R1/S2 487 33 71 2.3 371 185 178 
409096 D1-11 R1/S2 552 36 76 2.0 372 182 180 
409157 D1-11 S1/R2 478 26 65 1.7 357 193 175 
409158 D1-11 S1/R2 407 32 66 1.8 372 184 182 
409159 D1-11 S1/R2 361 26 53 1.8 368 192 168 
409160 D1-11 S1/R2 437 25 58 1.5 375 184 167 
409161 D1-11 S1/R2 316 29 52 2.2 365 186 158 
409162 D1-11 S1/R2 418 31 61 1.8 384 181 182 
409163 D1-11 S1/R2 275 27 57 1.8 367 188 164 
409164 D1-11 S1/R2 354 24 59 1.5 368 189 173 
409165 D1-11 S1/R2 397 26 65 1.7 367 188 164 
409166 D1-11 S1/R2 363 28 63 1.8 377 188 178 
409167 D1-11 S1/R2 384 29 65 1.8 373 184 163 
409212 D1-11 S1/S2 423 32 64 2.2 375 183 181 
409213 D1-11 S1/S2 489 31 65 2.0 370 185 157 
409214 D1-11 S1/S2 438 33 65 2.3 386 179 186 
409215 D1-11 S1/S2 442 32 72 2.3 380 182 202 
409216 D1-11 S1/S2 416 26 62 1.8 369 189 172 
409217 D1-11 S1/S2 434 29 71 2.3 372 186 177 
409218 D1-11 S1/S2 425 25 65 2.0 370 185 168 
409219 D1-11 S1/S2 453 27 73 2.2 375 185 183 
409220 D1-11 S1/S2 361 27 58 2.0 372 185 173 
409222 D1-11 S1/S2 498 32 63 2.0 370 187 173 
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Table B1.  Continued  
Entry
a 
Backcross 
family
b 
Class
c Yield Maturityd Height Lodginge Proteinf Oilf 
Seed 
weight 
 
  
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409223 D1-11 S1/S2 444 29 69 2.0 373 185 173 
409224 D1-11 S1/S2 316 27 56 2.7 369 187 174 
          
A08-123074 R1/S2 499 33 73 2.2 379 179 190 
IA3027RA1 R1/S2 398 30 73 2.0 394 172 198 
LD05-16521 R1/S2 532 31 79 2.7 351 195 148 
LD08-89051a S1/R2 445 28 75 1.8 340 193 142 
IA3027  S1/S2 474 29 79 2.0 392 174 198 
IA2053  S1/S2 532 22 87 2.2 399 172 203 
IA3045  S1/S2 492 32 80 2.2 399 174 205 
IA3046  S1/S2 460 25 71 2.0 389 176 192 
a
Entries have the prefix A10-. 
b
Backcross family from AX22055. 
c
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
d
Days after 31 August. 
e
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
f
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
 
 
 
 
 
 
 
 
Table B2. Analysis of variance of all lines in Exp.2 at the Curtiss Farm near Ames, Iowa, in 2010.  
  Mean Squares 
Source DF Yield  
 
Maturity
b
  
 
Height 
 
Lodging
c 
 
Protein
d
  
 
Oil
d
  
  
Seed 
weight  
  g plot
-1 days cm score g kg-1 g kg-1 mg seed-1 
Replication (R) 11 38076.3** 4.6nsa
 
99.7ns 0.3ns 82.1ns 11.3ns 97.8ns 
Genotype (G) 3 40512.3** 163.4** 256.1* 0.4* 91.8ns 47.9ns 442.4** 
R x G 33 5627.3 3.4 62.8 4.8 62.1 18.5 57.0 
Total 47        
         
CV (%)  16.5 6.6 13.6 17.6 2.1 2.3 4.0 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table C1. Mean performance of 52 lines in Exp. 1 across three Iowa environments in 2010 used in the 
bulk for Exp.3 at the Agronomy Farm near Ames, Iowa, in 2010. 
Entry
a 
Backcross 
family
b 
Class
c Yield Maturityd Height Lodginge Proteinf Oilf 
Seed 
weight 
 
  
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409004 D1-5 R1/R2 419 28 74 1.7 361 188 172 
409006 D1-5 R1/R2 371 30 76 2.0 370 183 171 
409016 D2-18 R1/R2 389 30 61 1.8 370 184 170 
409020 D2-18 R1/R2 471 30 69 2.3 359 188 180 
409030 D1-19 R1/R2 403 27 68 1.7 361 193 187 
409033 D1-19 R1/R2 336 25 59 2.0 366 189 170 
409044 D2-1 R1/R2 461 30 67 2.0 359 186 168 
409054 D2-2 R1/R2 424 31 68 2.0 381 178 183 
409058 D2-2 R1/R2 440 29 70 2.2 378 181 183 
409063 D2-12 R1/R2 518 30 75 2.0 370 184 159 
409075 D2-16 R1/R2 393 32 71 2.0 372 185 168 
409077 D2-16 R1/R2 498 32 71 1.8 353 192 170 
409083 D1-5 R1/S2 489 33 71 1.1 362 184 165 
409088 D1-5 R1/S2 508 31 81 2.0 361 185 168 
409099 D2-18 R1/S2 449 31 80 2.8 367 189 191 
409114 D1-19 R1/S2 438 30 72 2.2 374 182 181 
409117 D1-19 R1/S2 427 30 65 1.7 355 194 182 
409122 D2-1 R1/S2 503 32 78 2.0 351 186 155 
409124 D2-1 R1/S2 470 34 77 2.0 352 184 153 
409126 D2-2 R1/S2 490 32 77 2.7 374 183 177 
409132 D2-2 R1/S2 459 35 79 2.2 379 179 183 
409136 D2-12 R1/S2 372 26 70 2.3 367 186 163 
409137 D2-12 R1/S2 446 31 72 2.2 385 179 169 
409141 D2-16 R1/S2 326 32 67 1.5 356 190 157 
409142 D2-16 R1/S2 373 36 69 2.2 350 188 145 
409146 D1-5 S1/R2 455 26 73 1.8 362 188 161 
409155 D1-5 S1/R2 464 24 72 1.5 369 185 158 
409170 D2-18 S1/R2 369 25 68 2.0 363 190 170 
409171 D2-18 S1/R2 525 30 71 2.0 368 187 178 
409176 D1-19 S1/R2 365 20 65 1.8 367 189 174 
409177 D1-19 S1/R2 377 20 61 1.7 358 195 176 
409189 D2-1 S1/R2 377 28 55 2.0 372 182 187 
409192 D2-1 S1/R2 333 27 55 1.7 369 185 180 
409195 D2-2 S1/R2 465 25 69 1.8 370 189 174 
409197 D2-2 S1/R2 391 26 75 1.8 384 181 190 
409198 D2-12 S1/R2 508 31 68 2.0 381 181 183 
409200 D2-12 S1/R2 352 22 65 1.7 385 179 168 
409203 D2-16 S1/R2 490 31 74 2.2 366 189 171 
409204 D2-16 S1/R2 437 24 68 2.2 374 186 178 
409208 D1-5 S1/S2 391 27 65 1.8 365 181 167 
409210 D1-5 S1/S2 507 30 86 1.8 370 180 171 
409229 D2-18 S1/S2 505 30 70 2.3 378 183 182 
409230 D2-18 S1/S2 466 31 78 2.2 367 185 189 
409249 D1-19 S1/S2 490 24 70 2.3 361 190 171 
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Table C1. Continued 
Entry
a 
Backcross 
family
b 
Class
c Yield Maturityd Height Lodginge Proteinf Oilf 
Seed 
weight 
 
  
g plot
-1 
days cm score g kg
-1
 g kg
-1
 mg sd
-1
 
409252 D2-1 S1/S2 453 26 65 2.0 361 183 162 
409253 D2-1 S1/S2 377 23 61 2.0 362 182 169 
409258 D2-2 S1/S2 485 32 74 2.3 378 180 183 
409264 D2-2 S1/S2 527 35 80 2.3 369 181 182 
409265 D2-12 S1/S2 509 26 79 2.3 375 183 179 
409266 D2-12 S1/S2 405 27 67 1.8 375 185 175 
409270 D2-16 S1/S2 427 25 77 2.0 362 188 159 
409272 D2-16 S1/S2 418 30 76 2.0 359 189 165 
         
A08-123074 R1/S2  499 33 73 2.2 379 179 
IA3027RA1 R1/S2  398 30 73 2.0 394 172 
LD05-16521 R1/S2  532 31 79 2.7 351 195 
LD08-89051a S1/R2  445 28 75 1.8 340 193 
IA3027  S1/S2  474 29 79 2.0 392 174 
IA2053  S1/S2  532 22 87 2.2 399 172 
IA3045  S1/S2  492 32 80 2.2 399 174 
IA3046  S1/S2  460 25 71 2.0 389 176 
a
Entries have the prefix A10-. 
b
Backcross family from AX22055. 
c
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
d
Days after 31 August. 
e
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
f
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
 
 
 
 
 
Table C2. Analysis of variance for the aphid-free treatment level in Exp.3 in 2010.  
  Mean Squares 
Source DF Yield  Maturityb  Height Lodging c Proteind  Oild  Seed 
weight  
  g/plot days cm score  g kg
-1 g kg-1 mg seed-1 
Replication (R) 5 1452.2ns 3.9ns 25.9ns 0.3ns 13.3ns 11.6ns 51.0ns 
Genotype (G) 3 4597.9nsa
 
22.1* 85.8ns 0.9ns 65.5* 23.7* 144.9ns 
R x G 15 2598.1 4.2 56.2 0.3 19.1 4.9 47.6 
CV (%)  9.1 5.7 7.9 22.0 1.2 1.2 3.5 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
 
79 
 
Table C3. Analysis of variance for the 675 AP treatment level in Exp.3 in 2010.  
  Mean Squares 
Source DF Yield  Maturityb  Height Lodging c Proteind  Oild  Seed 
weight  
  g/plot days cm score  g kg
-1 g kg-1 mg seed-1 
Replication (R) 5 1327.6nsa
 
2.9ns 41.1ns 0.1ns 17.9ns 4.0ns 70.9ns 
Genotype (G) 3 19905.7* 18.3** 161.1** 0.9ns 185.8ns 5.2ns 65.2ns 
R x G 15 3745.6 2.1 24.9 0.5 57.7 12.8 84.8 
CV (%)  11.3 4.0 5.5 25.1 2.1 2.0 4.7 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
 
 
Table C4. Analysis of variance of the 25K treatment level in Exp.3 in 2010.  
  Mean Squares 
Source DF Yield  Maturityb  Height Lodging c Proteind  Oild  Seed 
weight  
  g/plot days cm score  g kg
-1 g kg-1 mg seed-1 
Replication (R) 5 3995.1ns 1.8ns 95.5ns 0.3ns 52.7ns 15.0ns 124.9ns 
Genotype (G) 2 18842.8* 20.7** 170.7ns 0.3ns 159.4* 22.9ns 110.0ns 
R x G 10 3921.7 2.6 58.1 0.6 24.3 17.0 73.0 
CV (%)  12.7 4.6 8.6 27.1 1.4 2.2 4.3 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
 
 
Table C5. Analysis of variance of the 50K treatment level in Exp.3 in 2010.  
  Mean Squares 
Source DF Yield  Maturityb  Height Lodging c Proteind  Oild  Seed 
weight  
  g/plot days cm score  g kg
-1 g kg-1 mg seed-1 
Replication (R) 5 2535.8 4.0 32.7 0.5 11.9 12.7 6.5 
Genotype (G) 0 . . . . . . . 
R x G 0 . . . . . . . 
CV (%)  . . . . . . . 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table C6. Analysis of variance for the R1/R2 genotype in Exp.3 in 2010.  
  Mean Squares 
Source DF Yield  Maturityb  Height Lodging c Proteind  Oild  Seed 
weight  
  g/plot days cm score  g kg
-1 g kg-1 mg seed-1 
Replication (R) 5 1262.3ns 0.5ns 7.8ns 0.2ns 45.2ns 6.3ns 32.9ns 
Treatment (T) 1 2894.5ns 0.1ns 176.3ns 0.5ns 33.3ns 14.1ns 18.5ns 
R x T 5 3297.4 6.1 37.1 0.6 26.7 2.3 46.1 
CV (%)  10.3 6.7 6.6 26.6 1.5 0.8 3.5 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
 
 
 
 
 
 
 
 
 
 
Table C7. Analysis of variance for the R1/S2 genotype in Exp.3 in 2010.  
  Mean Squares 
Source DF Yield  
 
Maturity
b
  
 
Height 
 
Lodging 
c 
 
Protein
d
  
 
Oil
d
  
 
Seed 
weight  
  g/plot days cm score  g kg
-1 g kg-1 mg seed-1 
Replication (R) 5 1529.6ns 1.7ns 75.0ns 0.4ns 40.4ns 19.4ns 101.1ns 
Treatment (T) 2 3367.0ns 3.4* 9.6ns 0.3ns 43.2ns 10.1ns 12.4ns 
R x T 10 2394.2 0.7 34.4 0.5 36.4 20.0 72.3 
CV (%)  8.5 2.3 6.2 23.0 1.7 2.5 4.4 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table C8. Analysis of variance for the S1/R2 genotype in Exp.3 in 2010.  
  Mean Squares 
Source DF Yield  
 
Maturity
b
  
 
Height 
 
Lodging 
c 
 
Protein
d
  
 
Oil
d
  
 
Seed 
weight  
  g/plot days cm score  g kg
-1 g kg-1 mg seed-1 
Replication (R) 5 3441.9ns 4.1ns 46.2ns 0.2ns 18.9ns 8.2ns 67.0ns 
Treatment (T) 2 6465.8ns 4.7ns 43.6ns 0.6ns 9.4ns 6.0ns 54.1ns 
R x T 10 2012.7 4.1 46.5 0.2 39.1 11.7 122.7 
CV (%)  9.4 6.0 7.9 20.1 1.7 1.9 5.6 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
 
 
 
 
 
 
 
 
 
 
 
Table C9. Analysis of variance for the S1/S2 genotype in Exp.3 in 2010.  
  Mean Squares 
Source DF Yield  Maturityb  Height Lodging c Proteind  Oild  Seed 
weight  
  g/plot days cm score  g kg
-1 g kg-1 mg seed-1 
Replication (R) 5 7129.5ns 1.2ns 98.7ns 0.9ns 33.5ns 2.3ns 61.2 
Treatment (T) 3 33641.1** 2.4ns 134.8ns 0.2ns 36.8ns 29.2ns 219.2** 
R x T 15 3570.2 4.4 42.7 0.4 19.7 9.4 32.8 
CV (%)  11.8 6.1 7.1 21.8 1.2 1.7 2.9 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Days after 31 August. 
c
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
d
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table C10. Means for agronomic and seed traits of R1/R2, R1/S2, S1/R2, and S1/S2 lines under aphid free, 675 AP, 
25K CAD, and 50K CAD treatments grown in Exp.3 in one Iowa environment in 2010. 
  R1/R2  R1/S2  S1/R2  S1/S2 
  Mean  Mean  Mean  Mean 
Yield 0 571  570  516  573 
(kg ha
-1
) 675 540  603  465  561 
 25000 .  557  455  465 
 50000 .  .  .  419 
 Significance ns
a
  ns  ns  ** 
 LSD
b 
85  63  58  74 
         
Maturity
c
 0 37  38  35  34 
(days) 675 37  38  34  35 
 25000 .  37  33  35 
 50000 .  .  .  34 
 Significance ns  *  ns  ns 
 LSD 4  1  3  3 
         
Height 0 96  96  89  96 
(cm) 675 89  94  85  97 
 25000 .  94  83  89 
 50000 .  .  .  88 
 Significance ns  ns  ns  ns 
 LSD 9  8  9  8 
         
Lodging
d 
0 2.8  3.1  2.2  2.7 
(score) 675 3.2  2.8  2.3  2.6 
 25000 .  3.2  2.8  2.8 
 50000 .  .  .  3.0 
 Significance ns  ns  ns  ns 
 LSD 1  1  1  1 
         
Protein
e 
0 357  353  361  358 
(g kg
-1
) 675 354  349  363  357 
 25000 .  355  364  355 
 50000 .  .  .  353 
 Significance ns  ns  ns  ns 
 LSD 8  8  8  6 
         
Oil
e 
0 181  179  184  180 
(g kg
-1
) 675 183  182  183  181 
 25000 .  181  185  184 
 50000 .  .  .  184 
 Significance ns  ns  ns  ns 
 LSD 2  6  4  4 
         
Seed weight 
(mg seed
-1
) 
0 197  193  203  204 
675 195  194  197  201 
25000 .  196  200  205 
50000 .    .  192 
 Significance ns  ns  ns  ** 
 LSD 10  11  14  7 
*Significant at the 0.05 probability level. 
**Significant at the 0.01 probability level. 
a
ns, not significant at the 0.05 probability level. 
b
Least significant difference at the 0.05 probability level. 
c
Days after 31 August. 
d
Scores ranged from 1 (all plants erect) to 5 (all plants prostrate). 
e
Protein and oil concentration on a moisture basis of 130 g kg
-1
. 
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Table C11. Average number of aphids per plant counted on six dates in Exp. 3 in Iowa in 2010. 
Entry Treatmenta  Classb
 
15 July 21 July 26 July 3 August 9 August 16 August 
   
Aphids 
Plant
-1c 
Aphids 
Plant
-1 
Aphids 
Plant
-1 
Aphids 
Plant
-1 
Aphids 
Plant
-1 
Aphids 
Plant
-1 
417001 0 R1/R2 0 0 2 0 1 . 
417002 0 R1/S2 0 0 0 2 0 . 
417003 0 S1/R2 0 0 7 23 2 . 
417004 0 S1/S2 0 36 56 30 17  . 
417005 675 R1/R2 21 40 124 222 372 388 
417006 675 R1/S2 32 69 217 643 4 . 
417007 675 S1/R2 21 26 104 465 453 . 
417008 675 S1/S2 56 318 1171 436 6  . 
417009 25K R1/R2 42 83 244 424 608 761 
417010 25K R1/S2 25 74 228 1046 1927 1486 
417011 25K S1/R2 31 72 197 1028 1421 1732 
417012 25K S1/S2 29 213 1160 3157 154  . 
417013 50K R1/R2 24 42 107 435 353 250 
417014 50K R1/S2 37 62 282 1112 821 1081 
417015 50K S1/R2 13 26 54 432 1203 1411 
417016 50K S1/S2 137 259 1031 3256 3254  . 
417017 75K R1/R2 31 50 112 301 308 . 
417018 75K R1/S2 30 71 174 725 1282 . 
417019 75K S1/R2 14 42 91 368 848 . 
417020 75K S1/S2 30 113 561 3125 3409 2486 
a
Treatment levels set were: aphid-free (0), 675 AP, 25K CAD, 50K CAD, and 75K CAD. 
b 
R1=Rag1 present; R2=Rag2 present; S1=absence of Rag1; S2= absence of Rag2. 
c
Number of aphids per plant was averaged over six replications. 
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